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(54) TOROIDAL CONTINUOUSLY VARIABLE TRANSMISSION 

(57) A toroidal continuously variable transmission 
for use in front engine front drive vehicles to which a 
geared neutral starting system is adopted. An input 
shaft (1 1) one of whose ends is connected to an engine 
(1), a primary shaft (12) which is movabiy fitted on the 
shaft and a secondary shaft (13) which is in parallel to 
these and to whose end on the engine side is connected 
a differential device (5). Toroidal continuously variable 
transmission mechanisms (20, 30) are arranged on the 
primary shaft (12), and a planetary gear mechanism 
(50), on the secondary shaft (1 3). A low mode gear train 
(80) connecting the input shaft (1 1) and a carrier (51) of 
the planetary gear mechanism (50) and a high mode 
gear train (90) connecting a sun gear (52) and an output 
disk (34) of the transmission mechanisms (20, 30) are 
provided. The low mode gear train (80) is disposed at 
the end. opposed to the engine, of the input shaft (1 1) 
and other components. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a toroidal type 
continuously variable transmission, in particular, to a 
structure of continuously variable transmission for a 
front engine front wheel drive vehicle employing a 
geared neutral starting system. 

DESCRIPTION OF THE PRIOR ART 

[0002] A toroidal type continuously variable transmis- 
sion, which continuously changes a speed ratio of 
power transmission between an input disk and an out- 
put disk by interposing a roller for making the power 
transmission between both disks and by rotating this 
rotor with a variable inclination angle so as for contact 
points thereof with each of said both disks to be 
changed in a radial direction respectively, is now being 
introduced into practical use as a continuously variable 
transmission for automobile, and, as shown, for exam- 
ple, in the official gazette of Japanese Patent Un-exam- 
ined Publication No. 6-101 754, a geared neutral starting 
system has been proposed to use in this type continu- 
ously variable transmission. 

[0003] In this system, the continuously variable trans- 
mission mechanism having the structure described 
above is disposed on a first shaft coupled with an 
engine, and a planetary gear mechanism comprising 
three rotary elements, that is, a sun gear, an internal 
gear, and a pinion carrier for supporting a planetary pin- 
ion engaging with these both gears, is also disposed on 
a second shaft which is parallel with the first shaft, 
wherein a revolution of the engine is transmitted to the 
first rotary element directly, and to the second rotary 
element through the continuously variable transmission 
mechanism mentioned above and the third rotary ele- 
ment is made to be a power output element. 
[0004] A neutral condition is realized by controlling the 
speed ratio of the continuously variable transmission 
mechanism so that a ratio of input rotation speeds 
between the first and the second rotary elements of the 
planetary gear mechanism is controlled so as to stop 
the third rotary element, and, starting from this condi- 
tion, the third rotary element, which is the power output 
element, is rotated in the toward or the reverse direction 
by increasing or decreasing the speed ratio of the con- 
tinuously variable transmission mechanism. 
[0005] This system allows the vehicle to be started 
without using a clutch, a torque converter and the like, 
and this improves a response in starting and an effi- 
ciency of power transmission. 
[0006] When above mentioned geared neutral system 
is employed, two power transmission paths are neces- 
sary, one of which transmits the power from the first 
shaft side to the planetary gear mechanism on the sec- 
ond shaft with ut interposing the continuously variable 



transmission mechanism therebetween, and the other 
of which transmit the power from the first shaft side to 
the planetary gear mechanism through the continuously 
variable transmission mechanism, and therefore, in the 

5 continuously variable transmission disclosed in the 
above official gazette, the latter power transmission 
path is provided in the middle of a tandem type trans- 
mission gear mechanism and the former power trans- 
mission path which builds up a gear train for a low mode 

10 reduction gear system is provided in the engine side of 
the continuously variable transmission mechanism. 
[0007] In this type of structure, however, especially in 
the transmission for the front engine front wheel drive 
vehicle, there occurs problems as below. 

is [0008] That is, in the transmission for the front engine 
front wheel drive vehicle, as shown in Fig. 3 of the above 
gazette, a differential gear unit is generally connected to 
an engine side end of the second shaft (, which is an 
output shaft of a transmission unit) on which the plane- 

20 tary gear mechanism is disposed, so that, in this case, 
the gear train for directly transmitting the power from the 
first shaft side to the planetary gear mechanism on the 
second shaft must be disposed near by the differential 
gear unit having a large diameter. Accordingly, in order 

25 to avoid an interference between the gear train and the 
differential gear unit, they must be placed with some dis- 
tance therebetween with respect to the shaft direction, 
which increases the size of the transmission along the 
shaft direction. Especially in the front engine front wheel 

30 drive vehicle which has a shaft line of the engine and 
the transmission disposed laterally with respect to the 
vehicle center line, the increased size in this shaft line 
direction makes a mounting operation to a vehicle body 
as well as a layout design of the engine and the trans- 

35 mission difficult. 

[0009] Accordingly, the object of the present invention 
is to increase an allowance for the layout and the mount- 
ing operation to the vehicle body of the toroidal type 
continuously variable transmission of the front engine 

40 front wheel drive vehicle employing the geared neutral 
starting system by controlling the increase of the size in 
the shaft direction. 

SUMMARY OF THE INVENTION 

45 

[001 0] In order to solve the problem mentioned above, 
the present invention is characterized by the constitu- 
tion described below. 

[001 1 ] In an invention claimed in claim 1 of the present 
so invention (hereafter referred to as the first invention), a 
first shaft engaged with an engine on one end thereof 
and a second shaft disposed parallel with said first shaft 
and engaged, on an engine side end thereof, with a dif- 
ferential gear unit for driving a left and a right driven 
55 wheel are provided, and on said first shaft is disposed a 
toroidal type continuously variable transmission mecha- 
nism comprising an input disk coupled with said first 
shaft, an output disk disposed in the engine side of said 
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input disk and rotatably supported by the first shaft, a 
roller interposed between these disks for transmitting a 
power between both disks, and a contact point control 
member for changing a speed ratio between both disks 
by inclinably and rotatably supporting said roller and 
thereby changing the contact point between said roller 
and each of the input and the output disks, and on said 
second shaft is disposed a planetary gear mechanism 
comprising three rotary elements, that is, a sun gear, an 
internal gear and a pinion carrier, wherein, among these 
rotary elements, the first element is coupled with the 
output disk of the continuously variable transmission 
mechanism so as to rotate together with it and the sec- 
ond element is coupled with the second shaft. 
[0012] Above described system is characterized in 
that a gear train comprising a first gear disposed on the 
opposite side with respect to the engine of the continu- 
ously variable transmission mechanism mounted on the 
first shaft so as to rotate together with said first shaft, a 
second gear rotatably supported on the opposite side 
with respect to the engine of the planetary gear mecha- 
nism mounted on the second shaft, and an idle gear 
which is engaged with these gears to transmit a power 
between both gears is further provided, and further- 
more a first clutch mechanism for engaging or disen- 
gaging the second gear of this gear train with the third 
element of the planetary gear mechanism, a second 
clutch mechanism for engaging or disengaging the out- 
put disk of the continuously variable transmission mech- 
anism with the second shaft, and a control means for 
controlling operations of said first and said second 
clutch mechanism and the contact point control member 
are provided. 

[001 3] Preferably, a vehicle speed detecting means is 
further provided, and said control means is character- 
ized in that it controls said first clutch so as to engage 
said second gear with said third element and at the 
same time controls said second clutch so as to intercept 
said power transmission path while the vehicle speed 
being lower than a predetermined vehicle speed, and 
controls the first clutch so as to intercept the engage- 
ment between the second gear and the third element 
and at the same time controls the second clutch so as to 
engage the power transmission path while the vehicle 
speed being higher than said predetermined vehicle 
speed. 

[0014] In addition, an engine load detector is prefera- 
bly provided so that said predetermined speed is 
increased as the engine load increases. 
[0015] In another aspect of the invention, adding to a 
first continuously variable transmission mechanism 
comprising the input disk coupled with the first shaft, the 
output disk disposed in the engine side of said input disk 
and rotatably supported by the first shaft, the roller inter- 
posed between these disks, and the contact point con- 
trol member for changing the contact point between 
said roller and the respective disks, the toroidal type 
continuously variable transmissi n mechanism further 



comprises a second continuously variable transmission 
mechanism comprising a second output disk disposed 
on the engine side of the output disk of the first continu- 
ously variable transmission mechanism and rotatably 
5 supported by the first shaft, a s cond input disk dis- 
posed on the engine side of said output disk and cou- 
pled with the first shaft, a second roller interposed 
between these disks, and a second contact point control 
member for changing the contact point between said 
10 roller and the respective disks. 

[0016] The toroidal type continuously variable trans- 
mission mechanism described above is characterized in 
that the output disk of the first continuously variable 
transmission mechanism and the output disk of the see- 
rs ond continuously variable transmission mechanism are 
integrated into one unit and a gear is formed on an outer 
surface of said integrated output disk unit for interlock- 
ing and rotating said integrated output disk and the first 
element of the planetary gear mechanism with each 
20 other. 

[001 7] In further aspect of the invention, same as the 
second invention described above, adding to said first 
continuously variable transmission mechanism com- 
prising the input disk coupled with the first shaft, the out- 

25 put disk disposed in the engine side of said input disk 
and rotatably supported by the first shaft, the roller inter- 
posed between these disks, and the contact point con- 
trol member for changing the contact point between 
said roller and the respective disks, the toroidal type 

30 continuously variable transmission mechanism further 
comprises the second continuously variable transmis- 
sion mechanism comprising the second output disk dis- 
posed on the engine side of the output disk of the first 
continuously variable transmission mechanism and 

35 rotatably supported by the first shaft together with said 
output disk integrally, the second input disk disposed on 
the engine side of said output disk and coupled with the 
first shaft, the second roller interposed between these 
disks, and the second contact point control member for 

40 changing the contact point between said roller and the 
respective disks. 

[0018] The toroidal type continuously variable trans- 
mission mechanism described above is characterized in 
that said first shaft is inserted into a through-hole 

45 formed in a third shaft to dispose each of the input side 
disks and the output side disks of said first and said sec- 
ond continuously variable transmission mechanisms on 
said third shaft, wherein one end of said third shaft is 
supported by a transmission case through a bearing 

so and onto the other end thereof is fitted into a first gear of 
a gear train, said first gear being supported by the trans- 
mission case through a bearing, and further a spring 
member is interposed in the fitting portion between said 
third shaft and the first gear to absorb relative displace- 

55 ment therebetween in the shaft line direction. 

[0019] In still furth r aspect of the invention, same as 
the third invention described above, adding to said first 
continuously variable transmission mechanism com- 
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prising the input disk coupled with the first shaft, the out- 
put disk disposed in the engine side of said input disk 
and rotatably supported by th first shaft, the roller inter- 
posed between these disks, and the contact point con- 
trol member for changing the contact point between 
said roller and the respective disks, the toroidal type 
continuously variable transmission mechanism further 
comprises the second continuously variable transmis- 
sion mechanism comprising the second output disk dis- 
posed on the engine side of the output disk of the first 
continuously variable transmission mechanism and 
rotatably supported by the first shaft, the second input 
disk disposed on the engine side of said output disk and 
coupled with the first shaft, the second roller interposed 
between these disks, and the second contact point con- 
trol member for changing the contact point between 
said roller and the respective disks. 
[0020] The toroidal type continuously variable trans- 
mission mechanism described above is characterized in 
that said first shaft is inserted into a through-hole 
formed in a third shaft to rotatably support both output 
disks of the first and the second continuously variable 
transmission mechanisms integrally with each other on 
the middle of said third shaft, and, on an opposite side, 
with respect to the engine, and on the engine side of 
said both disks, input disks of the first and the second 
continuously variable transmission mechanisms are dis- 
posed on and are engaged with said third shaft respec- 
tively, wherein a loading mechanism for pressing the 
roller by and between the input and the output disks in 
the first and the second continuously variable transmis- 
sion mechanisms is provided between the input disk of 
the first continuously variable transmission mechanism 
and the first gear of the gear train disposed on the oppo- 
site side thereof with respect to the engine. 
[0021 ] In yet further aspect of the invention, the toroi- 
dal type continuously variable transmission mechanism 
is characterized in that the loading mechanism com- 
prises a pair of disks whose surfaces facing with each 
other are formed into cam surfaces having circumferen- 
tial concave and convex and a roller which is interposed 
between both disks to generate axial force between 
them by the relative rotation therebetween, and a pin 
member is interposed between the first gear of the gear 
train and the disk located in said first gear side to inte- 
grally rotate them, wherein said pin member is disposed 
in a portion where a thickness of the disk located in said 
first gear side is rather thicker due to the concave and 
convex figures thereof. 

[0022] Further, in the first invention described above, 
two oil channels for supplying the first clutch mecha- 
nism and the second clutch mechanism with a coupling 
fluid respectively are provided in the second shaft, 
wherein said both oil channels may be led from a side 
portion where a hydraulic pressure source is provided. 
[0023] According to the structured scribed above, fol- 
lowing operations may be achieved. 
[0024] First, when the first clutch mechanism is 



engaged, that is, the second gear of the gear train is 
engaged with the third element of the planetary gear 
mechanism, and the second clutch mechanism is disen- 
gaged, that is, the output disk of the continuously varia- 

5 ble transmission mechanism is disengaged from the 
second shaft, the revolution inputted from the engine 
into the first shaft is inputted from said first shaft through 
the gear train and the first clutch mechanism into the 
third element of the planetary gear mechanism dis- 

w posed on the second shaft and is also transmitted from 
the input disk through the roller to the output disk in the 
continuously variable transmission mechanism on the 
first shaft and then is inputted from said output disk into 
the first element of said planetary gear mechanism. 

is [0025] At that time, if the speed ratio of the continu- 
ously variable transmission mechanism is appropriately 
controlled by the control means through the contact 
point control member so that the rotation speed ratio 
between the first and the third elements of said plane- 

20 tary gear mechanism is set so as for the rotation speed 
of the second element thereof to be zero, the rotation of 
the second shaft, which is the output shaft of this trans- 
mission, can be stopped while the engine revolution 
being inputted and the first clutch mechanism being 

25 engaged, that is, the geared neutral condition can be 
achieved. 

[0026] When, starting from this condition, the speed 
ratio of this continuously variable transmission is 
changed so that the rotation speed of the first element 

so of the planetary gear mechanism is increased or 
decreased, the second shaft is rotated in the forward or 
the backward running direction under a low mode con- 
dition, in which the speed ratio as a whole transmission 
is large, that is, the vehicle will start. 

35 [0027] When the first clutch mechanism is disen- 
gaged, that is, the second gear of the gear train is dis- 
engaged from the third element of the planetary gear 
mechanism, and the second clutch mechanism is 
engaged, that is, the output disk of the continuously var- 

40 iabie transmission mechanism is engaged with the sec- 
ond shaft, the revolution inputted from the engine into 
the first shaft is transmitted from the continuously varia- 
ble transmission mechanism through only the second 
clutch mechanism into the second shaft. At that time, 

45 since the planetary gear mechanism does not change a 
speed ratio, the speed ratio as a whole transmission 
corresponds to that of the continuously variable trans- 
mission mechanism, and this means that the speed 
ratio is controlled under so-called high mode, where the 

so speed ratio is small, by the continuously variable trans- 
mission mechanism without any steps but continuously. 
[0028] Since the gear train which transmits the rotat- 
ing motion from the first shaft to the planetary gear 
mechanism under the geared neutral condition or the 

55 low mode condition is disposed on the opposite side, 
with respect to the engine, of the continuously variable 
transmission mechanism on the first shaft and the plan- 
etary gear mechanism on the second shaft, this gear 



4 



7 



EP0 905 413 A1 



8 



train is prevented from interfering with the differential 
gear unit which is engaged with the second shaft on its 
end of engine side, and this allows the length of the 
transmission unit along the shaft line direction to be 
shortened. 

[0029] Further, in the case where the first and the sec- 
ond continuously variable transmission mechanisms 
are provided as a toroidal type continuously variable 
transmission mechanism comprising a pair of input and 
output disks, a roller interposed between both disks and 
the like, since the output disks of the first and the sec- 
ond continuously variable transmission mechanisms 
are integrated into one unit and the gear is formed on 
the outer surface thereof for engaging and rotating said 
integrated output disk together with the first element of 
the planetary gear mechanism, the length along the 
shaft line direction is made shorter and the gear may be 
supported more stably, which prevents the backlash of 
the gear along the shaft line direction, comparing with 
the case where two output disks are provided independ- 
ently and said gear is disposed between said both 
disks. 

[0030] Furthermore, same as the case described 
above, in the case where the first and the second con- 
tinuously variable transmission mechanisms are pro- 
vided as a toroidal type continuously variable 
transmission mechanisms and the first shaft is inserted 
into the through-hole formed in the third shaft to dispose 
each of the input side and the output side disks of said 
first and said second continuously variable transmission 
mechanisms on said third shaft, since the one end of 
said third shaft is supported by the transmission case 
through the bearing and onto the other end thereof is fit- 
ted into the first gear of the gear train, said first gear 
being supported by the transmission case through a 
bearing, and further a spring member is interposed in 
the fitting portion between said third shaft and the first 
gear to absorb relative displacement therebetween in 
the shaft line direction, the expansion and contraction of 
the third shaft can be absorbed by said spring member 
even if the third shaft is expanded or contracted due to 
the thermal expansion and the like. 
[0031] Therefore, an axial force applied to the bear- 
ings one of which supports one end of the third shaft 
and the other of which supports the other end of the 
third shaft through the first gear is maintained properly 
and the axial backlash of the first gear is also controlled, 
so that the first gear can be maintained in good condi- 
tion. On the other hand, since, in the case where the 
first and the second continuously variable transmission 
mechanisms are provided as a toroidal type continu- 
ously variable transmission mechanism and the first 
shaft is inserted into the through-hole formed in the third 
shaft on the middle of which are rotataWy supported the 
output disks of the first and the second continuously 
variabl transmission mechanisms and, on the opposite 
side with respect to the engine and on the engine side 
thereof, the input and the output disks of the first and the 



second continuously variable transmission mechanisms 
are disposed and are engaged with the third shaft 
respectively, since the loading m chanism for respec- 
tively applying pressure onto the rollers by and between 

5 the input and the output disks in the first and the second 
continuously variable transmission mechanisms is dis- 
posed between the input disk of the first continuously 
variable transmission mechanism and the first gear of 
the gear train disposed on the opposite side thereof with 

w respect to the engine, a torque flow from the engine 
under the geared neutral or the low mode conditions 
where the first clutch mechanism is engaged and the 
second clutch mechanism is disengaged can be appro- 
priately carried out. 

75 [0032] Under this condition, the torque from the 
engine is inputted into the first shaft, then is transmitted 
from the opposite side end with respect to the engine of 
the first shaft through the gear train to the second shaft 
side, and then is inputted through the first clutch mech- 

20 anism into the third element of the planetary gear mech- 
anism. At that time, in this planetary gear mechanism, 
the torque is outputted from the second element 
through the second shaft to the differential gear unit 
side and simultaneously a reaction force against the 

25 torque input into the third element is applied to the first 
element, and then this reaction force is circulated back 
to the output disks of the first and the second continu- 
ously variable transmission mechanisms and thereby 
the so-called circulating torque is generated. 

so [0033] As for this circulating torque, some part thereof 
transmitted to the input disk of the first continuously var- 
iable transmission mechanism is transmitted through 
the loading mechanism to the first gear of the gear train, 
and the other part thereof transmitted to the input disk of 

35 the second continuously variable transmission mecha- 
nism is transmitted through the third shaft from the load- 
ing mechanism, in the same manner, to the first gear of 
the gear train respectively. Accordingly, either circulat- 
ing torque does not pass through the first shaft, so that 

40 the f irst shaft is required to make only the engine torque 
pass through. Further, since, in the case where the 
loading mechanism comprises a pair of disks whose 
surfaces facing with each other are formed into the cam 
surfaces having circumferential concave and convex 

45 and a roller which is interposed between both disks, and 
the disk of the first gear side of the loading mechanism 
and the first gear are jointed by the pin member, said pin 
member is disposed in the portion of the disk of the first 
gear side where the thickness of the disk is rather 

so thicker due to the concave and convex figures thereof, 
the first gear can be coupled with the disk without 
increasing the thickness of the disk, that is, the length 
along the shaft line direction, as a whole, without 
decreasing the strength of the disk. 

55 [0034] Furthermore, since, when two oil channels for 
supplying the first and the second clutch mechanisms 
with the coupling fluid respectively are provided in the 
second shaft on which both clutch mechanisms are dis- 
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posed, both oil channels are led from the side portion 
where the hydraulic pressure source is disposed, the 
length of the oil channels to both clutch mechanisms is 
made short and thereby the hydraulic pressure may be 
supplied to these clutch mechanism quickly, which 5 
makes improved response of engagement and disen- 
gagement control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0035] 

Fig. 1 is a schematic skeleton illustrating a mechan- 
ical structure of the toroidal type continuously varia- 
ble transmission of the preferred embodiment is 
according to the present invention; 
Fig. 2 is a development illustrating the concrete 
structure of the main part of said transmission; 
Fig. 3 is a cross sectional view taken on line A-A of 
Fig. 2; 20 
Fig. 4 is a cross sectional view illustrating an 
assembling aspect of the gear constructing the high 
mode gear train; 

Fig 5 is a partially sectional view illustrating an 
assembling relation of the loading cam, the gear 25 
constructing the low mode gear train, and the input 
disk; 

Fig. 6 is an enlarged cross sectional view illustrat- 
ing a structure on the input shaft; 
Fig. 7 is an enlarged cross sectional view illustrat- 30 
ing a structure on the secondary shaft; 
Fig. 8 is a schematic diagram for explaining the 
problem due to the circulating torque; 
Fig. 9 is a schematic diagram for explaining the flow 
of the circulating torque in the transmission of the 35 
preferred embodiment according to the present 
invention; 

Fig. 10 is a circuit diagram for the hydraulic pres- 
sure control of said transmission; 
Fig. 1 1 is a partially sectional view taken in the 40 
direction of arrow B of Fig. 3 illustrating the three- 
layers valve for generating hydraulic pressure for 
shift control; 

Fig. 12 is a partially sectional view taken in the 
direction of arrow C of Fig. 3 illustrating the cam 4s 
mechanism; 

Fig. 13 is a cross sectional view illustrating the 
lower structure of the transmission case; 
Fig. 14 is a control system diagram of the transmis- 
sion of the preferred embodiment according to the so 
present invention; 

Fig. 15 is an explanatory drawing for the traction 
force as a precondition of the shift control; 
Fig. 1 6 is a characteristic drawing illustrating a rela- 
tion between the number of the pulse of the step ss 
motor and the toroidal speed ratio; 
Fig. 1 7 is a characteristic drawing illustrating a rela- 
tion between the number of the pulse of the step 



10 

motor and the final speed ratio; 

Fig. 18 is a characteristic diagram used in the shift 

control; 

Fig. 19 is an explanatory drawing for the problem in 
the shift control by the three-layers valve; 
Fig. 20 shows the main flow chart implemented by 
the control unit; 

Fig. 21 is an explanatory drawing illustrating the 
feature of the line pressure control implemented by 
said control unit; 

Fig. 22 is a flow chart of said line pressure control; 
Rg. 23 is a characteristic diagram of said line pres- 
sure control; 

Rg. 24 is another characteristic diagram of said line 
pressure control; 

Rg. 25 is a flow chart of the engage control imple- 
mented by said control unit; 
Rg. 26 is a characteristic diagram of said engage 
control; 

Rg. 27 is another characteristic diagram of said 
engage control; 

Rg. 28 is a flow chart of the direct control imple- 
mented by said control unit; 
Rg. 29 is a characteristic diagram of said direct 
control; 

Rg. 30 is another characteristic diagram of said 
direct control; 

Rg. 31 is a time chart of said direct and engage 
controls; 

Rg. 32 is a flow chart of the second direct control 

including the inclination control; 

Rg. 33 is a characteristic table of said second direct 

control; 

Rg. 34 is a characteristic diagram of said second 
direct control; 

Rg. 35 is a time chart of said second direct control; 
Rg. 36 is a flow chart of the switching control imple- 
mented by said control unit; 
Rg. 37 is another flow chart of the witching control ; 
Rg. 38 is a flow chart of the shift control in reverse 
implemented by said control unit; 
Rg. 39 is a shift-characteristic diagram of said shift 
control in reverse; 

Rg. 40 is a flow chart of the mode-switching control 
implemented by said control unit; and 
Rg. 41 is a characteristic diagram of said mode- 
switching control. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0036] There will now be described a mechanical 
structure, a structure of the hydraulic pressure control 
circuit, and a concrete operation of the shift control of 
the continuously variable transmission according to the 
present invention. 
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MECHANICAL STRUCTURE 

[0037] Fig. 1 is a schematic skeleton illustrating a 
mechanical structure of the toroidal type continuously 
variable transmission of the preferred embodiment s 
according to the present invention, in which the trans- 
mission 10 comprises an input shaft (the first shaft) 11 
coupled with an output shaft 2 of an engine 1 through a 
torsional damper 3, a primary shaft (the third shaft) 12 
having a through-hole inside thereof into which said 10 
shaft 1 1 is inserted, and a secondary shaft (the second 
shaft) 13 disposed parallel with said shafts 11 and 12, 
wherein all of said shafts 1 1 to 13 are disposed so as to 
extend in the lateral direction of the vehicle. 
[0038] Further, in this transmission 10, a toroidal type is 
first continuously variable transmission mechanisms 20, 
a toroidal type second continuously variable transmis- 
sion mechanisms 30, and a loading cam 40 are dis- 
posed on a shaft line of said input shaft 11 and said 
primary shaft 12, and a planetary gear mechanism 50, 20 
a low mode clutch (the first clutch mechanism) 60, and 
a high mode clutch (the second clutch mechanism) 70 
are disposed on a shaft line of said secondary shaft 13. 
A low mode gear train 80 and a high mode gear train 90 
are interposed between the shaft line of the input shaft 25 
1 1 and the primary shaft 12 and the shaft line of the sec- 
ondary shaft 13. 

[0039] The first and the second continuously variable 
transmission mechanisms 20, 30 have similar structure 
with each other, in which each of them has an input disk 30 
21, 31 and an output disk 22, 32, each having teeing 
surface formed into toroidal surface respectively, and 
two pieces of rollers 23, 33 are respectively interposed 
between said respective both disks 21 , 22 and 31 , 32 to 
transmit a driving force between them respectively. 35 
[0040] In the first continuously variable transmission 
mechanism 20 disposed in the distal side from the 
engine, the input disk 21 is disposed in the distal side 
from the engine and the output disk 22 is disposed in 
the proximal side from the engine, and in the second 40 
continuously variable transmission mechanism 30 dis- 
posed in the proximal side from the engine, the input 
disk 31 is disposed in the proximal side from the engine 
and the output disk 32 is disposed in the distal side from 
the engine, and further, the input disks 21 , 31 of respec- 45 
tive continuously variable transmission mechanisms 20, 
30 are coupled with respective ends of the primary shaft 
12, and the output disks 22, 32 thereof are formed into 
one unit and are rotatably supported on the middle of 
said primary shaft 1 2. so 
[0041] A first gear 81 included in the low mode gear 
train 80 is coupled with a distal end, from the engine, of 
the input shaft 11, and a loading cam 40 is interposed 
between said first gear 81 and the input disk 21 of the 
first continuously variable transmission mechanism 20, ss 
and further, a first gear 91 included in the high mode 
gear train 90 is provided on an outer surface of the inte- 
grated output disks 22, 32 (hereafter referred to as a 



"integrated output disk 34") of the first and the second 
continuously variable transmission mechanisms 20, 30. 
[0042] On the other hand, a second gear 82 included 
in the low mode gear train 80 is rotatably supported on 
a distal end from the engine of the secondary shaft 13 
and is engaged with the first gear 81 through an idle 
gear 83, and further, the planetary gear mechanism 50 
is disposed on the middle of the secondary shaft 13. 
Between a pinion carrier (the third rotary element) 51 of 
the planetary gear mechanism 50 and the second gear 
82 of the low mode gear train 80 is disposed a low mode 
clutch 60 for engaging or disengaging them with each 
other. 

[0043] A second gear 92 engaged with the first gear 

91 of the high mode gear train 90, which is provided on 
the outer surface of the integrated output disk 34 of the 
first and the second continuously variable transmission 
mechanisms 20, 30, is rotatably supported on the 
engine side of the planetary gear mechanism 50, and 
further, said second gear 92 is coupled with a sun gear 
(the first rotary element) 52 of the planetary gear mech- 
anism 50 and an internal gear (the second rotary ele- 
ment) 53 of the planetary gear mechanism 50 is 
connected to the secondary shaft 13, and a high mode 
clutch 70 for engaging or disengaging the second gear 

92 of the high mode gear train 90 with the secondary 
shaft 1 3 is disposed on the engine side of the planetary 
gear mechanism 50. 

[0044] A differential gear unit 5 is coupled with the 
engine side end of the secondary shaft 13 through an 
output gear train 4 comprising a first and a second 
gears 4a, 4b and an idle gear 4c, and a driving force is 
transmitted to the left and the driven wheels (not shown) 
through drive shaft 6a, 6b extending from the differential 
gear unit 5 to the left and the right sides. 
[0045] Then will now be described a detailed descrip- 
tion of each component of the transmission 10 with ref- 
erence to the drawings, Figs. 2 and the fbllowings. As 
for the first and the second continuously variable trans- 
mission mechanisms 20, 30, these first and the second 
continuously variable transmission mechanisms 20, 30 
have similar structure with each other, in which, as 
described above, each of them has the input disk 21,31 
and the output disk 22, 32 (integrated output disk 34), 
each having facing surface formed into toroidal surface 
respectively, and two pieces of rollers 23, 33 are respec- 
tively interposed between said respective input and out- 
put disks 21, 22 and 31, 32 to transmit a driving force 
between them respectively. 

[0046] To make a detailed description, for example, of 
the first continuously variable transmission mechanism 
20 with reference to Fig. 3, a pair of rollers 23, 23 is sup- 
ported by trunnions 25, 25 through shafts 24, 24 extend- 
ing approximately in the radial direction of the input and 
the output disks 21, 22, and respective rollers are dis- 
posed on the tor idal surfaces of th input and the out- 
put disks 21, 22, which are facing with each other, at 
opposite side th reof by 180 degree with approximately 
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horizontal attitude and parallel with each other, and are 
respectively brought into contact with the toroidal sur- 
faces of said both disks 21 , 22 at two portions located in 
the opposite side with each other by 180 degree. 
[0047] Said trunnions 25. 25 are supported by and s 
between left and right support members 26, 26 which 
are attached to a transmission case 100, and are 
allowed to rotate around the horizontal axial center line 
X, X which is of a tangential direction of both disks 21, 
22 and normal to the shaft 24, 24 of the roller 23, 23 and 
are also allowed to nearly move reciprocating along said 
axial center line X, X direction. A rod 27, 27 extending 
toward one side along said axial center line X, X is cou- 
pled with the trunnion 25, 25, and a shift control unit 1 1 0 
which inclines the roller 23, 23 through the rod 27, 27 
and the trunnion 25, 25 is attached on the side of the 
transmission case 100. 

[0048] The shift control unit 1 1 0 comprises a hydraulic 
control section 111 and a trunnion control section 112, 
wherein a piston for increasing speed 1 131 and that for 
decreasing speed 1141, which are attached to the rod 
27 of a first trunnion 251 located upper side, and a pis- 
ton for increasing speed 1132 and that for decreasing 
speed 1 142, which are attached to the rod 27 of a sec- 
ond trunnion 252 located lower side, are disposed in 
said trunnion control section 1 12, and a hydraulic pres- 
sure chamber for increasing speed 1151 and that for 
decreasing speed 1 1 61 are provided on the facing sides 
of the upper pistons 1131 and 1141 respectively and 
also a hydraulic pressure chamber for increasing speed 
1 152 and that for decreasing speed 1 162 are provided 
on the facing sides of the lower pistons 1 132 and 1 142 
respectively. 

[0049] As for the first trunnion 251 located upper side, 
the hydraulic pressure chamber for increasing speed 
1 151 and that for decreasing speed 1 161 are provided 
on the roller 23 side and on the opposite side thereof 
respectively, and as to the second trunnion 252 located 
lower side, the hydraulic pressure chamber for decreas- 
ing speed 1 161 and that for increasing speed 1 152 are 
provided on the roller 23 side and on the opposite side 
thereof respectively. 

[0050] Hydraulic pressure for increasing speed PH 
generated by the hydraulic pressure control section 1 1 1 
is supplied through an oil channel 117, 118 to the 
hydraulic pressure chamber for increasing speed 1 151 
of the first trunnion 251 located upper side and the 
hydraulic pressure chamber for increasing speed 1 152 
of the second trunnion 252 located lower side, and also 
hydraulic pressure for decreasing speed PL generated 
by the hydraulic pressure control section 1 1 1 is supplied 
through a not-shown oil channel to the hydraulic pres- 
sure chamber for decreasing speed 1161 of the first 
trunnion 251 located in the upper side and the hydraulic 
pressure chamber for decreasing speed 1162 of the 
second trunnion 252 located in the lower side. 
[0051 ] Then, the relation between a supply control of 
the hydraulic pressure for increasing speed PH as well 



as that for decreasing speed PL and a shift operation of 
the continuously variable transmission mechanism 20 
will be briefly described by taking the first continuously 
variable transmission mechanism 20 as an example. 
[0052] First, when the hydraulic pressure for increas- 
ing speed PH supplied to the hydraulic pressure cham- 
bers for increasing speed 1 1 51 , 1 1 52 of the first and the 
second trunnions 251, 252 becomes relatively higher 
than the predetermined neutral condition comparing 
with the hydraulic pressure for decreasing speed PL 
supplied to the hydraulic pressure chambers for 
decreasing speed 1161, 1162 of the first and the sec- 
ond trunnions 251, 252 due to the operation of the 
hydraulic pressure control section 111 shown in Fig. 3, 
the first trunnion 251 in the upper side horizontally 
moves to the right and the second trunnion 252 in the 
lower side horizontally moves to the left on the drawing. 
[0053] At that time, assuming that the shown output 
disk 22 is rotating in the x-direction, a downward force is 
applied to the upper first roller 231. due to the move- 
ment to the right, by the output disk 22 and an upward 
force is applied thereto by the input disk 21 which is 
located this side of the paper and is rotating in the oppo- 
site of x-direction. To the lower second roller 232, due to 
the movement to the left, an upward force is applied by 
the output disk 22 and a downward force is applied by 
the input disk 21 . As a result, both of the upper and the 
lower rollers 231, 232 incline so that the contact points 
with the input disk 21 move to the outer side in the radial 
direction and that with the output disk 22 moves to the 
inner side in the radial direction, and consequently the 
speed ratio of the continuously variable transmission 
mechanism 20 becomes smaller (increase of speed). 
On the contrary, when the hydraulic pressure for 
decreasing speed PL supplied to the hydraulic pressure 
chambers for decreasing speed 1161, 1162 of the first 
and the second trunnions 251, 252 becomes relatively 
higher than the predetermined neutral condition com- 
paring with the hydraulic pressure for increasing speed 
PH supplied to the hydraulic pressure chambers for 
increasing speed 1 151 , 1 152 of the first and the second 
trunnions 251, 252, the first trunnion 251 in the upper 
side horizontally moves to the left and the second trun- 
nion 252 in the lower side horizontally moves to the right 
on the drawing. 

[0054] At that time, to the upper first roller 231, an 
upward force is applied by the output disk 22 and a 
downward force is applied by the input disk 21 , and, to 
the lower second roller 232, a downward force is applied 
by the output disk 22 and an upward force is applied by 
the input disk 21 . As a result, both of the upper and the 
lower rollers 231, 232 incline so that the contact points 
with the input disk 21 move to the inner side in the radial 
direction and that with the output disk 22 moves to the 
outer side in the radial direction, and consequently the 
speed ratio of the continuously variable transmission 
mechanism 20 becomes larger (decrease of speed), 
f h supply operation of the hydraulic pressure for 
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increasing and decreasing speed, PH, PL by the 
hydraulic pressure control section 1 1 1 will be described 
in detail later in the description for the hydraulic pres- 
sure control circuit. 

[0055] The structure and the operation of the first con- 
tinuously variable transmission mechanism 20 
described above may be also applied to the second 
continuously variable transmission mechanism 30. 
[0056] As shown in Fig. 2, the input disks 21 , 31 of the 
first and the second continuously variable transmission 
mechanisms 20, 30 are respectively spline-fitted to 
respective end portions of the primary shaft 12 having a 
through-hole inside into which the input shaft 11 is 
inserted with a play so that the input disks 21 and 31 
always rotate with the same speed, and since the output 
disks 22, 23 of the first and the second continuously var- 
iable transmission mechanisms 20, 30 are integrated 
into one unit as described previously, the rotation 
speeds of the output sides of the first and the second 
continuously variable transmission mechanisms 20, 30 
are also kept always to be identical. To keep in step with 
these matters, the speed ratio control of the first and the 
second continuously variable transmission mechanisms 
20, 30 by the inclination control of the rollers 23, 23 is 
implemented so that said speed ratio may be always 
kept to be identical. 

[0057] As shown in the enlarged view of Fig. 4, the 
first gear 91, formed into ring shape, of the high mode 
gear train 90 is fitted onto the outer surface of the inte- 
grated output disk 34 and is fixed thereto by welding, 
wherein, on the one side surface of the integrated out- 
put disk 34, a circular groove Y is formed between the 
outer surface of said disk 34 and the inner surface of the 
first gear 91 , and the disk 34 and the gear 91 are weld- 
jointed in this groove Y. 

[0058] Therefore, even if the weld metal Z stands up 
from the welding surface, this does not interfere with the 
toroidal surface 34a formed on said one side surface, so 
that the roller can be inclined and rotated in wide range. 
Further, since the first gear 91 is fixed onto the outer 
surface of the integrated output disk 34 by welding, an 
axial play of the first gear 91 can be controlled and the 
support thereof is stabilized. On the other hand, as 
shown in Figs. 5 and 6, the loading cam 40 has a cam 
disk 41 interposed between the first gear 81 of the low 
mode gear 80 and the input disk 21 of the first continu- 
ously variable transmission mechanism 20, wherein the 
surfaces of the cam disk 41 and the input disk 21 which 
are facing with each other are respectively formed into 
cam surfaces having convex and concave section con- 
tinuously repeating in the circumferential direction and a 
plurality of rollers held by a retainer disk 42 is interposed 
between these cam surfaces. 
[0059] The cam disk 41 is connected to the first gear 
81 of the low mode gear train 80, which is spline-fitted 
onto the input shaft 1 1 at the end thereof located on the 
opposite side with respect to the engine, by the plurality 
of pin members 44 disposed parallel t the shaft line 



direction so as to be rotated together with it, and, as 
shown in Fig. 6, coned disk springs 45, 45, a needle 
thrust bearing 46 and a bearing race 47 thereof are 
interposed between the cam disk 41 and a flange 12a 

5 formed on the primary shaft 1 2, s that the cam disk 41 
is pressed onto the input disk 21 side by the spring force 
of the coned disk springs 45, 45. 
[0060] Thereby, the rollers 43, 43 are held between 
concaved portions 21 a, 41a on the cam surfaces of the 

10 disks 21,41, and transmit the torque, which is inputted 
from the input shaft 1 1 through the first gear 81 of the 
low mode gear train 80 into the cam disk 41 , to the input 
disk 21 of the first continuously variable transmission 
mechanism 20, and further transmit it through the pri- 

is mary shaft 1 2 to the input disk 31 of the second contin- 
uously variable transmission mechanism 30. 
[0061 ] As especially shown by the chain line in Fig. 5, 
the rollers 43, 43 roll from the concaved portions 21a, 
41a toward the convex portions 21b, 41b on the cam 

20 surfaces of the disks 21 , 41 in response to the magni- 
tude of the input torque and are stuck between both 
cam surfaces, and thereby the input disk 21 of the first 
continuously variable transmission mechanism 20, the 
roller 23, the integrated output disk 34, and the roller 33 

25 of the second continuously variable transmission mech- 
anism 30 are pressed in this order toward and onto the 
input disk 31 of the second continuously variable trans- 
mission mechanism 30. Accordingly, the holding pres- 
sure applied onto the rollers 23, 33 of the first and the 

30 second continuously variable transmission mechanisms 
20, 30 are automatically adjusted in response to the 
magnitude of the input torque. 
[0062] Further, in the loading cam 40, the pin mem- 
bers 44 44 which connect cam disk 41 and the first 

35 gear 81 of the low mode gear train 80 are disposed in 
the convex portions 41b, .... 41b of the cam disk 41 
where the thickness thereof is rather thicker. Accord- 
ingly, an axial length of the cam disk 41 need not be 
increased improperly by making overall thickness 

40 thereof thicker, and the strength of the cam disk 41 is 
prevented from being weakened by disposing insert 
holes of the pin members 44 44 dose to the con- 
caved portions 41a 41a formed on the cam surface. 

[0063] To explain a support structure of the primary 

45 shaft 12 into which the input shaft 1 1 is fittingly inserted 
with play with reference to Fig. 6, the engine side end of 
the primary shaft 12 is supported by the transmission 
case 100 through a bearing 131 , and onto the other end 
thereof is spine-fitted the first gear 81 of the low mode 

so gear train 80, and said gear 81 is supported through a 
bearing 132 by a cover 101 located on the opposite 
side, with respect to the engine, of the transmission 
case 100. 

[0064] A coned disk spring 1 35 which applies force to 
55 the primary shaft 12 and the first gear 81 in the direction 
to separate them with each other through a need! 
thrust bearing 133 and a bearing race 134 is disposed 
between the first gear 81 and the flange 1 2a which sup- 
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ports the coned disk spring 45. 45 of the loading cam 40 
on the primary shaft 1 2. 

[0065] Accordingly, since, when the primary shaft 12 
is expanded or contracted due to the thermal expansion 
and the like, the engine side end of the shaft 12 is not 
allowed to move in the axial direction, the other end 
thereof which is spine-fitted into the first gear 81 makes 
displacement in the axial direction, and, at that time, 
said displacement is absorbed by the coned disk spring 
135 and the first gear 81 is always pressed onto the 
bearing 132 side by an appropriate force in response to 
the spring force of the coned disk spring 135. Thereby, 
the condition where the first gear 81 is strongly pressed 
onto the bearing 132 side due to the expansion of the 
primary shaft 12 or the first gear 81 has an axial play 
due to the contraction of the primary shaft 12 can be 
avoided. 

[0066] An appropriate force is always applied to the 
engine side and the opposite side bearings 131, 132 to 
which the spring force of the coned disk spring 135 is 
applied through the primary shaft 12 and the first gear 
81, and thereby, even if the bearings 131, 132 are 
tapered-roller thrust bearings as shown in the drawing, 
an axial pre-load can be maintain properly so that the 
rattling or the increased rotation resistance problems 
caused by too small or too much pre-load can be 
avoided. 

[0067] An oil pump 102 is mounted on the cover 101 
located on the opposite side with respect to the engine, 
and is driven by the first gear 81 of the low mode gear 
train 80 which rotates integrally with the input shaft 1 1 . 
[0068] Then the structure of the secondary shaft 1 3, 
and the planetary gear mechanism 50, the low mode 
clutch 60, and the high mode clutch 70, each being 
mounted on the secondary shaft 13, will be described 
with reference to Fig. 7. 

[0069] The secondary shaft 1 3 is rotatably supported 
at one end by a cover 103 located in the engine side of 
the transmission case 100 and at the other end by the 
cover 101 located in the opposite side thereof through 
bearings 141, 142 respectively. The second gear 92 
included in the high mode gear train 90 is disposed on 
the middle of the secondary shaft 13 and the planetary 
gear mechanism 50 is disposed adjacent to the back 
side (this means the distal side with respect to the 
engine and will be used below in the same meaning) of 
the second gear 92, wherein the second gear 92 is cou- 
pled with the sun gear 52 of the planetary gear mecha- 
nism 50. In the back side thereof, a flange member 54 
connected to the internal gear 53 of the planetary gear 
mechanism 50 is spline-fitted onto the secondary shaft 
13. Further, the low mode clutch 60 is disposed in the 
back side of the planetary gear mechanism 50. The 
clutch 60 is rotatably supported on the secondary shaft 
13 and comprises a drum member 61 to which the sec- 
ondary gear 82 of the low mod gear train 80 is fixed, a 
hub member 62 which is disposed within the drum 61 in 
the radial direction and is connected to the pinion carrier 



51 of the planetary gear mechanism 50 through the 

flange member 55, a plurality of clutch plates 63 63 

each of which is alternately spline-fitted to each of said 
members 61 , 62, and a piston 64 disposed in the drum 

5 member 61. 

[0070] A hydraulic pressure chamber 65 is formed 
between the piston 64 and the drum member 61 located 
in the back side thereof, and, when the hydraulic pres- 
sure for coupling generated by the clutch control unit 

10 120 shown in Fig. 3 is introduced into the pressure 
chamber 65, the piston 64 is moved to the fore side (this 
means the proximal side with respect to the engine and 
will be used below in the same meaning) while com- 
pressing a spring 66, and the clutch plates 63 63 are 

75 engaged, and thereby the second gear 82 of the low 
mode gear train 80 is coupled with the pinion carrier 51 
of the planetary gear mechanism 50 through the clutch 
60. 

[0071] A balance piston 67 is disposed on the fore 

20 side of the piston 64, and the pressure applied to the 
piston 64 by the centrifugal force applied to the operat- 
ing fluid in the hydraulic pressure chamber 65 is offset 
by introducing lubricating oil into a balance chamber 68 
formed between both pistons 64, 67. 

25 [0072] The high mode clutch 70 is disposed on the 
fore side of the second gear 92 of the high mode gear 
train 90. The clutch 70 comprises a drum member 71 
which is connected through a gear 4d for a parking 
mechanism to a first gear 4a of the output gear train 4 

30 which is spline-fitted onto the secondary shaft 1 3, a hub 
member 72 which is disposed within said drum member 
71 in the radial direction and is connected to the second 

gear 92, a plurality of clutch plates 73 73 each of 

which is alternately spline-fitted to each of said mem- 

35 bers 71 , 72, and a piston 74 disposed in the drum mem- 
ber 71. 

[0073] When the hydraulic pressure for coupling gen- 
erated by the clutch control unit 120 is introduced into a 
pressure chamber 75 formed on the back side of the 

40 piston 74, the piston 74 is moved to the back side while 
compressing a spring 76 and the clutch plates 73, 73 
are engaged, and thereby the second gear 92 of the 
high mode gear train 90 is coupled through the clutch 70 
with the secondary shaft 13 and the first gear 4a of the 

45 output gear train 4 spline-fitted to said shaft 13. A bal- 
ance piston 77 is also disposed on the back side of the 
piston 74, and the pressure applied to the piston 74 by 
the centrifugal force applied to the operating fluid in the 
hydraulic pressure chamber 75 is offset by introducing 

so the lubricating oil into a balance chamber 78 formed 
between both pistons 74, 77, Further, on the back side 
end of the secondary shaft 13, a recessed portion 13a 
extending toward fore side from the end surface thereof 
is formed, and a boss 101a which is formed on and 

55 extruded from the back side cover 101 is rotatably 
inserted into said recessed portion 13a. A boss 103a 
extruding toward back sid is also formed on the fore 
side cover 103 and is rotatably inserted into a recessed 
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portion 13b formed in the fore end of the secondary 
shaft 13. 

[0074] Two oil channels 151, 161 for controlling the 
low mode and the high mode clutches 60, 70 are formed 
in the boss 101a of the back side cover 101 parallel to 
the axial line thereof, and oil channels 152, 162 which 
run upward from the clutch control unit 120 through the 
back side cover 101 are connected to the oil channels 
151,161 respectively. Among these oil channels, the oil 
channel 151 fa the low mode clutch 60 communicates 
with the hydraulic pressure chamber 65 of said clutch 

60 through a radial hole 153 formed in the boss 101a of 
the back side cover 101, a circumferential channel 154 
formed on the outer surface of the boss 101a, a radial 
hole 155 formed in a circumferential wall of a recessed 
portion 13a of the secondary shaft 13 into which the 
boss 101a is inserted, a circumferential channel 156 
formed on the outer surface of the shaft 13, and the 
through-hole 1 57 formed in a boss of the drum member 

61 of the low mode clutch 60. Thereby, the hydraulic 
pressure for controlling the low mode clutch generated 
by the clutch control unit 120 is introduced into the 
hydraulic pressure chamber 65 of the clutch 60. The oil 
channel 161 for the high mode clutch 70 is open at the 
front end of the boss 101a and communicates with a 
space 163 between the front end surface of said boss 
and the inner end surface of the recessed portion 1 3a of 
the secondary shaft 13. Further, this oil channel com- 
municates with an oil channel 164 which is formed by 
drilling on the secondary shaft 13 along the axial direc- 
tion thereof and whose back side end is open to the 
inner end surface of the recessed portion 13a, and fur- 
ther communicates with the hydraulic pressure chamber 
75 of the high mode clutch 70 through radial holes 165, 
166 formed in the secondary shaft 13 and in the first 
gear 4a of the output gear train 4 respectively. Thereby, 
the hydraulic pressure for controlling the high mode 
clutch generated by the clutch control unit 120 is intro- 
duced into the hydraulic pressure chamber 75 of the 
clutch 70. 

[0075] Thus, since either of the oil channels 151,161 
for controlling the low mode and the high mode clutches 
60, 70 is introduced from the back side cover 101 where 
the oil pump 102 is installed and respectively communi- 
cates with the hydraulic pressure chambers 65, 75 of 
the clutches 60, 70 through the secondary shaft 13, the 
hydraulic pressure can be supplied more promptly to 
the hydraulic pressure chambers 65, 75 comparing 
with, for example, the case where one of the oil chan- 
nels is introduced from the fore side cover 103, so that 
the coupling control response of the clutches 60, 70 can 
be improved. 

[0076] An oil channel 1 71 is formed in the boss 1 03a 
of the fore side cover 103 and is connected to an oil 
channel 1 72 (see Fig. 2) which runs from the clutch con- 
trol unit 120 upward through the cover 103. Further, an 
oil channel 174 for the lubricating oil is drill-formed 
extending from the recessed portion 13b formed in the 



fore end of the secondary shaft 13, into which the boss 
103a is inserted, along the axial direction and is closed 
by a plug 173 at a back side end thereof, and a plurality 
of radial through-holes 175 175 which communi- 

5 cates with the oil channel 174 is formed in predeter- 
mined positions of the secondary shaft 13. Thereby, the 
lubricating oil supplied from the clutch control unit 120 
can be supplied to the balance chambers 68, 78 of the 
low mode and the high mode clutches 60, 70, and other 

10 lubrication points. 

[0077] As shown in Fig. 3, the shift control unit 110 
and the clutch control unit 120 for controlling the low 
mode and the high mode clutches 60, 70 are respec- 
tively mounted on the lateral side and on the bottom 

is side of the transmission case 1 00, so that, by employing 
this structure where the control unit is divided into two 
units and one is mounted on the lateral side and the 
other is mounted on the bottom side of the transmission 
case 100, the downward overhung length from the 

20 transmission case can be made shorter comparing with 
the case where both control units are integrated into 
one unit and mounted on the bottom of the transmission 
case. Accordingly, this provides an advantage in keep- 
ing a minimum road clearance. 

25 [0078] As described above, since the shift control unit 
1 10 is disposed on one side (the left side in Fig. 3) of the 
transmission case 100, and the trunnions 25, 25 are 
respectively attached to the upper and the lower rods 
27, 27 which extends horizontally toward inside of the 

so transmission case 1 00 from the trunnion control section 
1 12 of said unit 1 10 to move the trunnions 25, 25 along 
the horizontal shaft center lines X, X, a wide space is 
not required in the width direction, which is necessary in 
the case where the trunnion is moved in the vertical 

35 direction and thereby the trunnion driving section is dis- 
posed on the top of the transmission case. 
[0079] Accordingly, when the secondary shaft 13 on 
which the planetary gear mechanism 50, the low mode 
and the high mode clutches 60, 70 are mounted is 

40 designed, the shaft center thereof can be placed near to 
the shaft centers of the input shaft 1 1 and the primary 
shaft 12, so that the transmission 10 can be made com- 
pact as a whole. 

[0080] Supply control of the hydraulic pressure fluid 
45 for controlling the low mode and the high mode clutches 
60, 70 by the clutch control unit 120 will be described in 
detail later in the item for the hydraulic pressure control 
circuit. 

[0081 ] Then, the mechanical operation of the continu- 
50 ously variable transmission 10 having a structure 
described above will be explained. 
[0082] When a vehicle is at a stop, in Figs. 1 and 2, the 
transmission 1 0 is in the low mode where the low mode 
clutch 60 is engaged and the high mode clutch 70 is dis- 
55 engaged, and the revolution from the engine 1 is trans- 
mitted from the back side end of the input shaft 11 
through the low mode gear train 80 composed of the 
first gear 81 , the idle gear 83, and the second gear 82 to 
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the secondary shaft 13, and, at the same time, is input- 
ted through the low mode clutch 60 into the pinion car- 
rier 51 of the planetary gear mechanism 50. 
[0083] The revoluti n inputted from the engine 1 into 
the input shaft 1 1 is further inputted from the first gear 
81 of the low mode gear train 80 through the loading 
cam 40 located adjacent thereto into the input disk 21 of 
the first continuously variable transmission mechanism 
20, and then is transmitted through the rollers 23, 23 to 
the integrated output disk 34, and, at the same time, is 
also inputted from the input disk 21 through the primary 
shaft 12 into the input disk 31 of the second continu- 
ously variable transmission mechanism 30 disposed on 
the fore side end of said shaft 1 2, and then, same as the 
first continuously variable transmission mechanism 20 
does, is transmitted through the rollers 33, 33 to the 
integrated output disk 34. At that time, the inclination 
angle of the rollers 23, 33 of the first and the second 
continuously variable transmission mechanisms 20, 30, 
that is, the speed ratios of both continuously variable 
transmission mechanisms 20, 30, are kept to an identi- 
cal predetermined value by the shift control unit 110 
shown in Fig. 3 through the control of the hydraulic pres- 
sure for increasing speed PH and that for decreasing 
speed PL 

[0084] The rotation of the integrated output disk 34 of 
the first and the second continuously variable transmis- 
sion mechanisms 20, 30 is transmitted through the high 
mode gear train 90 composed of the first gear 91 
formed on the outer surface of the integrated output disk 
34 and the second gear 92 on the secondary shaft 13 
into the sun gear 52 of the planetary gear mechanism 
50. 

[0085] Thus, the rotation is inputted into the planetary 
gear mechanism 50 through the pinion carrier 51 and 
also through the sun gear 52, and, at that time, by set- 
ting the rotation speed ratio between the pinion carrier 
51 and the sun gear 52 to a predetermined ratio by the 
speed ratio control of the first and the second continu- 
ously variable transmission mechanisms 20, 30, the 
rotation of the internal gear 53 of the planetary gear 
mechanism 50, that is, the rotation inputted from the 
secondary shaft 13 through the output gear train 4 into 
the differential gear unit 5 is set to zero to make the 
geared neutral condition of the transmission 10. 
[0086] Starting from this condition, when the ratio of 
the input rotation speeds of the pinion carrier 51 and the 
sun gear 52 is changed by changing the speed ratio of 
the first and the second continuously variable transmis- 
sion mechanisms 20, 30, the internal gear 53 or the 
secondary shaft 13 is rotated in the forward or the 
reverse direction under a condition where the speed 
ratio as a whole transmission 10 (hereafter referred to 
as "final speed ratio") is rather high, that is, under low 
mode condition, and the vehicle starts to move. 
[0087] After the vehicl starts to move forward, when 
the low mode clutch 60 is disengaged and the high 
mode clutch 70 is engaged at a predetermined timing, 



the revolution inputted from the engine 1 into the input 
shaft 1 1 is transmitted, same as the low mode does, 
from the loading cam 40 to the input disks 21 , 31 of the 
first and the second continuously variable transmission 

s mechanisms 20, 30, and is further transmitted through 
respective roller 23. 33 to the integrated output disk 34, 
and, at the same time, is transmitted through the high 
mode gear train 90 and the high mode clutch 70 to the 
secondary shaft 13. 

10 [0088] At that time, the planetary gear mechanism 50 
is in a racing condition and the final speed ratio is deter- 
mined only by the speed ratios of the first and the sec- 
ond continuously variable transmission mechanisms 20, 
30 so that the final speed ratio is continuously controlled 

75 under high mode condition where the final speed ratio is 
small. 

[0089] According to this transmission 1 0, since the low 
mode gear train 80 which transmits the rotation from the 
input shaft 11 to the planetary gear mechanism 50 on 

20 the secondary shaft 13 under the geared neutral or the 
low mode condition is disposed on the back side of the 
input shaft 1 1 and the secondary shaft 13, the gear train 
80 does not interfere with the differential gear unit 5 
which is disposed on the fore side end of the secondary 

25 shaft 13 and the output gear train 4 which transmits the 
power to the differential gear unit 5, and thereby the 
axial length elongation of the transmission 10, which 
may occur when the gear train is offset in the axial direc- 
tion to prevent this interference, can be avoided. 

30 [0090] When, as shown in this transmission 10, the 
first and the second continuously variable transmission 
mechanisms 20, 30 are employed as the toroidal type 
continuously variable transmission mechanism, and the 
input disks 21 , 31 thereof are coupled with both ends of 

35 the primary shaft 12 respectively, and the output disks 
22, 32 are disposed on the middle of the primary shaft 
12, and the low mode gear train 80 which transmits the 
rotation to the secondary shaft 13 side is disposed on 
the back side end of the input shaft 11 , the arrangement 

40 of the loading cam 40 which is interposed between the 
input shaft 1 1 and the input portion to the first and the 
second continuously variable transmission mechanisms 
20, 30, that is, where the loading cam 40 shall be 
placed, should be carefully examined 

45 [0091] When, as shown in Fig. 8, the loading cam 40' 
is placed between the input shaft 1 1 ' and the input disk 
3 V of the continuously variable mechanism 30' located 
in the engine V side, in the low mode, the torque from 
the engine V is transmitted, as shown by an arrow "a", 

so from the back side end of the input shaft 1 1 ' through the 
gear train 80' into the secondary shaft 13' side, and. at 
the same time, a reaction torque generated in the plan- 
etary gear mechanism 50* on the secondary shaft 1 3' is 
circulated back, as shown by an arrow V, to the output 

55 disk 34' of the continuously variable mechanisms 20', 
30' through the gear train 90' to make a circulating 
torque, and after being transmitted to the input disks 21 ', 
31' of the continuously variable mechanisms 20', 30', 
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this circulating torque is inputted from the input disk 31' 
of the continuously variable mechanism 30' in the 
engine side through th loading cam 40' into the input 
shaft 1V again and is transmitted further to the back 
side gear train 80' again. 

[0092] Thus, the torque from the engine V (arrow "a") 
and the circulating torque (arrow "b") are parallelly 
applied to the input shaft 1 1 \ so that the shaft 1 1 ' should 
be reinforced by, for example, increasing the diameter 
thereof. As a result, the total weight of the transmission 
10 is increased and, since the rigidity of the input shaft 
11* is increased and thereby the vibration of the engine 
V is likely to be transmitted to the output side, the vibra- 
tion and the noise of the vehicle is increased. 
[0093] On the contrary, according to the continuously 
variable transmission 10 of the preferred embodiment, 
since the low mode gear train 80 which transmits the 
rotation to the secondary shaft 13 side is disposed on 
the back side end of the input shaft 1 1 and the loading 
cam 40 which is interposed between the input shaft 1 1 
and the continuously variable transmission mechanisms 
20, 30 is also disposed on the back side end of the input 
shaft 11, the strength and rigidity problem of the input 
shaft 11 described above can be avoided. 
[0094] In this case, as shown in Fig. 9, while the 
torque from the engine 1 is transmitted, as shown by an 
arrow "c", from the back side end of the input shaft 1 1 
through the low mode gear train 80 to the secondary 
shaft 13 side, the circulating torque from the planetary 
gear mechanism 50 on the secondary shaft 13 is trans- 
mitted, as shown by an arrow "d\ through the high 
mode gear train 90, back to the output disk 34 of the 
continuously variable transmission mechanisms 20, 30, 
and then this circulating torque is respectively transmit- 
ted, in the first continuously variable transmission mech- 
anism 20, from the input disk 21 through the loading 
cam 40 to the first gear 81 of the low mode gear 80 
directly and, in the second continuously variable trans- 
mission mechanism 30, from the input disk 31 through 
the primary shaft 12 and the same loading cam 40 to 
the first gear 81 of the low mode gear 80. Thus, each 
circulating torque transmitted back to the first and the 
second continuously variable transmission mechanisms 
20, 30 does not pass through the input shaft 1 1 , so that 
the input shaft 1 1 is allowed to transmit only the torque 
from the engine 1. As a result, the input shaft 11 may 
have small diameter and the transmission 10 may have 
light weight and, at the same time, decreased rigidity of 
the input shaft 1 1 allows to effectively absorb the vibra- 
tion of the engine 1 and thereby the vibration and noise 
of the vehicle is made lower. 

HYDRAULIC PRESSURE CONTROL CIRCUIT 

[0095] There will now be describe the hydraulic pres- 
sure control circuit of the continuously variable trans- 
mission 10 comprising the shift control unit 1 10 and the 
clutch control unit 120. 



[0096] As shown in Fig. 10, a hydraulic pressure con- 
trol circuit 200 comprises a regulator valve 202 which 
regulates a pressure of an operating fluid discharged 
from an oil pump 102 into a predetermined line pressure 

5 and outputs to a main line 201, a relief valve 204 which 
generates a predetermined relief pressure taking the 
line pressure supplied through the main line 201 as a 
source pressure and outputs said relief pressure to a 
relief line 203, and a manual valve 208 which is oper- 

10 ated by the range shifting operation of the vehicle driver, 
and makes the main line 201 communicate with a first 
and a second output lines 205, 206 in the D-range and 
with the first and a third output lines 205, 207 in the R- 
range, and intercepts the line pressure in the N-range 

15 and the P-range. The regulator valve 202 and the relief 
valve 204 are equipped with a linear solenoid valve 209 
for the line pressure and a linear solenoid valve 210 for 
the relief pressure respectively, and further a reducing 
valve 21 1 which makes a constant pressure taking the 

20 line pressure as a source pressure is provided, wherein 
the linear solenoid valves 209, 210 make control pres- 
sures respectively base on the constant pressure gen- 
erated by the reducing valve 211. By supplying the 
control pressures to the control ports 202a, 204a of the 

25 regulator valve 202 and the relief valve 204, pressure 
regulation values of the line pressure and the relief 
pressure are controlled by respective linear solenoid 
valves 209, 210. 

[0097] The hydraulic pressure control circuit 200 fur- 
so ther comprises a three-layers valve for forward running 
220 and a three-layers valve for backward running 230 
which respectively generate the hydraulic pressure for 
increasing speed PH and the hydraulic pressure for 
decreasing speed PL for implementing shift control in 
35 forward and backward running based on the line pres- 
sure and the relief pressure, and a shift valve 241 which 
selectively actuates these three-layers valves 220, 230. 
[0098] The position of a spool of the shift valve 241 is 
determined by the line pressure supplied as a control 
40 pressure into a control port 241a formed on one end 
thereof, that is, when the line pressure is not supplied, 
the spool is in the right-side so that the main line 201 
communicates with a line pressure supply fine 242 
which leads to the three-layers valve for forward running 
45 220, and, when the line pressure is supplied, the spool 
is in the left side so that the main line 201 communi- 
cates with a line pressure supply line 243 which leads to 
the three-layers valve for backward running 230. The 
three-layers valves for forward and backward running 
so 220, 230 have the same structure, and each has a 
sleeve 222, 232 which is axial-movably fitted into a bore 
221 , 231 (see Fig. 1 1) formed in a valve body 1 1 1a of a 
hydraulic pressure control section 111 of the shift con- 
trol unit 1 1 0 shown in Fig. 3 and a spool 223, 233 which 
55 is also axial-movably fitted into said sleeve 222, 232. A 
line pr ssure port 224, 234 to which is connected the 
line pressure supply line 242, 243 led from the shift 
valve 241 is provided on the middle portion thereof, and 
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a first and a second relief pressure ports 225, 226, 235, 
236 to which are connected tines branched from the 
relief pressure line 203 are provided on both end por- 
tions thereof respectively, and an acceleration pressure 
port 227, 237 is provided between the line pressure port 
224, 234 and the first relief pressure port 225, 235, and 
a deceleration pressure port 228, 238 is provided 
between the line pressure port 224, 234 and the second 
relief pressure port 226, 236 respectively. The operation 
of this three-layers valves 220, 230 will be explained by 
taking the three-layers valves for forward running 220 as 
an example. When the relative position between the 
sleeve 222 and the spool 223 is changed from the neu- 
tral condition, which is shown in Fig. 10, to the position 
where the sleeve 222 is relatively moved to the right on 
the drawing, a communication level between the line 
pressure port 224 and the acceleration pressure port 
227 as well as a communication level between the sec- 
ond relief pressure port 226 and the deceleration pres- 
sure port 228 are respectively increased, and, on the 
contrary, when the sleeve 222 is relatively moved to the 
left, a communication level between the line pressure 
port 224 and the deceleration pressure port 228 as well 
as a communication level between the first relief pres- 
sure port 225 and the acceleration pressure port 227 
are respectively increased. 

[0099] A line 244, 245 respectively led from the accel- 
eration pressure port 227, 237 of the three-layers valve 
for forward or backward running 220, 230 and a line 
246, 247 respectively led from the deceleration pres- 
sure port 228, 238 of the three-layers valve for forward 
or backward running 220, 230 are connected to the shift 
valve 241. 

[0100] When the spool of the shift valve 241 is in the 
right, the lines 244, 246 led from the acceleration pres- 
sure port 227 and the deceleration pressure port 228 of 
the three-layers valve for forward running 220 communi- 
cate respectively with the acceleration pressure line 248 
and the deceleration pressure line 249 which respec- 
tively communicate with the hydraulic pressure cham- 
bers for increasing speed 1 151, 1152 and the hydraulic 
pressure chambers for decreasing speed 1 1 61 , 1 1 62 of 
the trunnion control section 1 12 of the shift control unit 
110 shown in Fig. 3, and, on the contrary, when the 
spool of the shift valve 241 is in the left, the lines 245, 
247 led from the acceleration pressure port 237 and the 
deceleration pressure port 238 of the three-layers valve 
for backward running 230 communicate respectively 
with the acceleration pressure line 248 and the deceler- 
ation pressure line 249 which respectively communicate 
with the hydraulic pressure chambers for increasing 
speed 1 151 , 1 152 and the hydraulic pressure chambers 
for decreasing speed 1161, 1162. 
[0101] As shown in Fig. 1 1 , the sleeve 222, 232 of the 
three-layers valve for forward or backward running 220, 
230 is axiaily driven by a step motor 251,252 respec- 
tively. Further, a cam mechanism 260 which moves the 
spool 223, 233 in an axial direction against spring force 



generated by a spring 229, 239 in response to the 
movement of the sleeve 222, 232 by the step motor 251 , 
252 is provided. 

[0102] As shown in Figs. 1 1 and 12, the cam mecha- 

5 nism 260 comprises a precession cam 261 which has a 
cam surface 261a formed into a helical surface on one 
end and is attached to a predetermined trunnion, more 
particularly, to an end of a rod 37 of a first trunnion 351 
located on the upper portion of the second continuously 

w variable transmission mechanism 30, a shaft 262 which 
is disposed on one end of the spool 223, 233 of the 
three-layers valve for forward or backward running 220, 
230 in the direction normal thereto and is rotatably sup- 
ported by the valve body 1 1 1 a of the hydraulic pressure 

is control section 1 1 1 , a driven lever 263 which is attached 
to one end of the shaft 262 and is brought into contact 
with the cam surface 261a on a free end thereof, and 
drive levers for forward or backward running 264, 265 
which are also attached to the shaft 262 and whose free 

20 ends are engaged with slits 223a, 233a formed on ends 
of the spools 223, 233 of the three-layers valve for for- 
ward or backward running 220, 230 respectively. 
[0103] When the first trunnion 351 and the rod 37 is 
integrally rotated around the shaft center line X by the 

25 inclination of the first roller 331 of the second continu- 
ously variable transmission mechanism 30, the preces- 
sion cam 261 is also rotated together with them and the 
driven lever 263 whose free end is brought into contact 
with the cam surface 261a of the precession cam 261 is 

30 swung by a predetermined angle and, through the shaft 
262, the drive levers for forward or backward running 
264, 265 are also swung by the same angle, and 
thereby the spools 223, 233 of the three-layers valve for 
forward or backward running 220, 230 are axiaily moved 

35 respectively by a stroke corresponding to the swing 
angle of the drive levers 264, 265. 
[0104] Accordingly, the position of the spools 223, 233 
always corresponds to the inclination angle of the roller 
33 of the second continuously variable transmission 

40 mechanism 30 (and the roller 23 of the first continuously 
variable transmission mechanism 20), in other words, to 
the speed ratio of these continuously variable transmis- 
sion mechanisms 20, 30. 

[0105] According to the cam mechanism 260, since 
45 the spools 223, 233 of the three-layers valve for forward 
or backward running 220, 230 are driven by the single 
precession cam 261 and the driven lever 263 as 
described above, the structure of the cam mechanism is 
simplified comparing with the case having respective 
so precession cams for the spools 223, 233. 

[0106] Since the step motor 251, 252 is directly 
attached to the side surface of the valve body 1 1 1 a of 
the hydraulic pressure control unit 1 1 1 of the shift con- 
trol unit 110, in which the three-layers valves for forward 
55 and backward running 220, 230 are built, with an axial 
center line in common with the corresponding three-lay- 
ers valve 220, 230 and is directly coupled with the 
sleeve 222, 232 of the three-lay rs valve 220, 230 
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respectively, the mechanism for driving the sleeve 222, 
232 of the thre -layers valve 220, 230 by the step motor 
251, 252 is considerably simplified comparing with the 
case where the step motor is disposed ind p ndentiy 
from the three-layers valve, for example, on the cover 5 
member of the transmission case, the oiJ pan and the 
like, and both are connected with each other through 
some coupling mechanism, and, in addition, the posi- 
tion of the sleeve 222, 232 can be accurately controlled. 
[01 07] Further, since, in this shift control unit 1 1 0, the 10 
shift valve 241 is disposed between both three-layers 
valves for forward or backward running 220, 230, oil 
channels between the shift valve 241 and both three- 
layers valves 220, 230, in concretely, lines 242-247 in 
the hydraulic pressure control circuit shown in Fig. 10 is 
can be made shorter, and thereby the control response 
using these three-layers valves 220, 230 can be 
improved. On the other hand, the hydraulic pressure 
control circuit 200 is provided with a first and a second 
solenoid valves 271, 272 for controlling the clutch, and 20 
the first and the second output lines 205, 206 led from 
the manual valve 208 are connected to the first and the 
second solenoid valves 271, 272 respectively. 
[0108] When the first solenoid valve 271 is opened, a 
clutch engaging pressure based on the line pressure 25 
from the first output line 205 is supplied through a fail 
safe valve 273 and a low mode clutch line 274 to the 
hydraulic pressure chamber 65 of the low mode clutch 
60 to make engagement of the clutch 60, and when the 
second solenoid valve 272 is opened, the clutch engag- 30 
ing pressure based on the line pressure from the sec- 
ond output line 206 is supplied through a high mode 
clutch line 275 to the hydraulic pressure chamber 75 of 
the high mode clutch 70 to make engagement of the 
clutch 70. 35 
[0109] The low mode and the high mode clutch lines 
274, 275 are provided with accumulators 276, 277 
respectively to gently supply the engaging pressure to 
the low mode and the high mode clutches 60, 70 and 
thereby to eliminate the shock during engagement 40 
[01 1 0] The third output line 207 led out from the man- 
ual valve 208 is connected through the fail safe valve 
273 to the control port 241a of the shift valve 241 , and, 
when the manual valve 208 is shifted to the position of 
R-range, the line pressure is supplied to the control port 45 
241 a of the shift valve 241 to move the spool of the shift 
valve 241 to the left, that is, to the position for backward 
running. 

[0111] Further, a fail safe solenoid valve 278 is pro- 
vided for actuating the fail safe valve 273, and when the so 
spool of the fail safe valve 273 is shifted to the right by 
the control pressure from the solenoid valve 278, the 
first output line 205 is made to communicate with the 
low mode clutch line 274. 

[0112] All of the first and the second solenoid valves 55 
271, 272 and the fail safe solenoid valve 278 are of 
three-way valves, and, when the line is intercepted by 
the valve into the upstream and the downstream sides, 



the downstream line is drained. 
[0113] The clutch control unit 120, in which the first 
and the second solenoid valves 271, 272 and the like 
are disposed, comprises, as shown in Fig. 13, an upper 
member 121, a middle member 122, and a lower mem- 
ber 123 connected into one unit by a plurality of bolts 

124 124, and the first and the second solenoid 

valves 271 , 272 are attached onto a side surface of the 
middle member 122 by a fixing plate 125. 
[01 14] At that time, the solenoid valves 271 , 272 are 
fixed by placing flanges 271a, 272a formed on the outer 
surfaces of main bodies of the solenoid valves 271, 272 
between the fixing plate 125 and the side surface of the 
middle member 1 22, and the fixing plate 1 25 is fastened 
to the upper and the lower members 121, 123 by bolts 
126, 126, that means, the upper member 121 and the 
lower member 123 are connected with each other 
through the fixing plate 125, and thereby the rigidity of 
the clutch control unit 1 20 constructed as a three-layers 
structure is improved as a whole. 
[01 15] Adding to the structure described above, the 
hydraulic pressure control unit 200 shown in Fig. 10 is 
provided with a lubrication line 281. The lubrication line 
281 is led from the drain port of the regulator valve 202 
and is branched into a line 282 for supplying the lubri- 
cating oil to each lubrication point in the first and the 
second continuously variable transmission mechanism 
20, 30 of the transmission 10, and a line 283 for supply- 
ing the lubricating oil to the portions other than the con- 
tinuously variable transmission mechanisms 20, 30 
such as the planetary gear mechanism 50, balance 
chambers 68, 78 of the low mode and the high mode 
clutches 60, 70, and the like, and a relief valve 284 for 
controlling a pressure of the lubricating oil to be a pre- 
determined value is connected to the line 281 . 
[01 16] An upstream portion of the line 282 communi- 
cating with the continuously variable transmission 
mechanisms 20, 30 is branched into a cooling line 286 
on which a cooler 285 for cooling the lubrication oil is 
provided and a bypass line 287 for bypassing the coder 
285, and an orifice 288 and a first switching valve 289 
are parallelly disposed on the cooling fine 286 at the 
upper stream side of the cooler 285, and a second 
switching valve 290 for opening or dosing the bypass 
line 287 is disposed on said line 287. 
[01 1 7] A supply control of the lubricating oil to the con- 
tinuously variable transmission mechanisms 20, 30 by 
the first and the second switching valve 289. 290 will be 
described now. 

[01 1 8] First, the second switching valve 290 is opened 
by a signal from a control unit 300 (see Fig. 14), which 
will be described later, when the temperature of the 
operating fluid is lower than the predetermined value or 
when the hydraulic pressure of the operating fluid is 
higher than the predetermined value, and the lubricating 
oil is supplied to the continuously variable transmission 
mechanisms 20, 30 without passing through the cooler 
285. This is because the lubricating oil need not be 
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cooled by the cooler 285 when the oil temperature is 
lower and shall be supplied effectively through the 
bypass line 287 having smaller resistance, and because 
the damage and the deterioration in durability on the 
cooler 285 which might be caused when the high pres- 
sure oil passes through the cooler 285 shall be avoided. 
[0119] In the case other than that described above, 
the second switching valve 290 is closed and the lubri- 
cating oil is supplied to the continuously variable trans- 
mission mechanisms 20, 30 after being cooled by the 
cooler 285, and thereby the oil film of the lubricating oil 
on the toroidal surfaces of the output disks 21, 22, 31, 
32 is maintained to be proper condition and the durabil- 
ity of the toroidal surface and the surface of the rollers 
23, 33 contacting therewith can be secured. The first 
switching valve 289 is controlled to be closed by the sig- 
nal from the control unit 300 when the second switching 
valve 290 is closed and the revolution speed of the 
engine 1 is lower than the predetermined value or the 
vehicle speed is lower than the predetermined speed. 
This is because the clutches 60, 70 require a certain 
amount of lubricating oil, while the continuously variable 
transmission mechanisms 20, 30 require smaller 
amount thereof during low speed or low revolution driv- 
ing, so that lubricating oil supply to the continuously var- 
iable transmission mechanisms 20, 30 shall be limited 
to secure that for the clutches 60, 70 under these condi- 
tions where the lubricating oil is not supplied sufficiently 
in the volume. 

[0120] The lubricating oil supplied to the continuously 
variable transmission mechanisms 20, 30 through the 
line 282 is supplied to the bearings of the rollers 23, 33 
through the oil channel 282a as shown in Fig. 3 and is 
injected also onto the toroidal surface of the output 
disks 21 , 22, 31 , 32 by a nozzle 282b. 

(1) Basic operation of control 

[0121] The continuously variable transmission 10 
according to this embodiment has a mechanical struc- 
ture and the hydraulic pressure control circuit 200 as 
described above, and also has a control unit 300 which 
implements the shift control of the transmission 10 as a 
whole by making a speed ratio control of the first and 
the second continuously variable transmission mecha- 
nisms 20, 30 and an engage and disengage control of 
the clutches 60, 70 by the use of the hydraulic pressure 
control circuit 200. 

[0122] To the control unit 300 are inputted signals, as 
shown in Fig. 14, from a vehicle speed sensor 301 for 
sensing a vehicle speed, an engine speed sensor 302 
for sensing an engine 1 speed, a throttle angle sensor 
303 for sensing a throttle angle of the engine 1 , a range 
sensor 304 for detecting a range selected by the driver, 
and further, for various control, from an oil temperature 
sensor 305 for sensing a temperature of th operating 
fluid, an input and an output rotation speed sensors 
306, 307 for respectively sensing the input and the out- 



put rotation speeds of the continuously variable trans- 
mission mechanisms 20, 30, an idle switch 308 for 
detecting a release of an accelerator pedal, a brake 
switch 309 for detecting a depressing on a brake pedal, 

5 an incline angle sensor 310 for sensing an incline angle 
of the road surface, and the like. 
[0123] The control signal is outputted to the linear 
solenoid valves 209, 21 0, for controlling the line and the 
relief pressures, the first and the second solenoid valves 

w 271 , 272 for the low mode and the high mode clutches 
60, 70, the fail safe solenoid valve 278, the first and the 
second switching valves 289, 290 for the lubrication 
control, the step motors 251, 252 for the three-layers 
valves for forward and backward running 220, 230 and 

is the like, in response to the driving condition of the 
engine and the vehicle indicated by these sensors and 
the switches. 

[01 24] Then, the basic operation of the shift control by 
the hydraulic pressure control circuit 200 and the control 

20 unit 300 will be described. In the description below, if 
not specified otherwise, the manual valve 208 shown in 
Fig. 10 is in the D-range position and thereby the spool 
of the shift valve 241 is in the forward running position, 
which corresponds the right position on the drawing, 

25 and, as to the continuously variable transmission mech- 
anism, the first roller 231 and the first trunnion 251 
located upper side of the first continuously variable 
transmission mechanism 20 will be taken as an exam- 
ple for the explanation. 

30 [0125] As for the speed ratio control of the continu- 
ously variable transmission mechanisms 20, 30 by the 
hydraulic pressure control circuit 200, the linear sole- 
noid valves 209, 21 0 for the regulator or the relief valves 
in the hydraulic pressure control circuit 200 are actuated 

35 to generate the control pressures for the line pressure 
control and the relief pressure control respectively 
based on the signal from the control unit 300, and these 
control pressures are respectively supplied to the con- 
trol ports 202a, 204a of the regulator and the relief 

40 valves 202, 204 to generate the predetermined line 
pressure and the predetermined relief pressure respec- 
tively. 

[01 26] Among these hydraulic pressure, the line pres- 
sure is supplied from the main line 201 through the shift 

45 valves 241, and the line 242 to the line pressure port 
224 of the three-layers valve for forward running 220 
(hereafter referred to as "three-layers valve"). The relief 
pressure is supplied through the line 203 to the first and 
the second relief pressure ports 225, 226 of the three- 

50 layers valve 220. 

[0127] A pressure difference AP (=PH-PL) between 
the hydraulic pressure for increasing speed PH and the 
hydraulic pressure for decreasing speed PL which are 
respectively supplied to the hydraulic pressure chamber 

55 for increasing speed 115 (this means 1 151, 1 152, and 
will be used below in the same meaning) and the 
hydraulic pressure chamber for decreasing speed 116 
of the shift control unit 1 1 0 by the three-layers valve 220 
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is controlled based on the line pressure and the relief 
pressure. The object of the pressure difference control 
is to hold the trunnion 25 or the roller 23 in the predeter- 
mined neutral position against the traction force T 
applied to the trunnion 25 of the continuously variable 5 
transmission mechanism 20, and to change the speed 
ratio of the continuously variable transmission mecha- 
nism 20 by moving the trunnion 25 and the roller 23 
from the neutral position along the axial center line X 
and thereby inclining the roller 23. 
[0128] As for the traction force T, as shown in Fig. 15, 
in the continuously variable transmission mechanism 
20, when the roller 23 is driven by the rotation of the 
input disk 21 in "e" direction, to the roller 23 and the 
trunnion 25 supporting said roller is applied the force for 
dragging them in the same direction as the rotating 
direction "e" of the input disk 21: When the output disk 
22 is driven into "g" direction (V direction in Fig. 3) by 
the rotation of the roller 23 in T direction, the force in 
the direction opposite to that of the rotation "g" of the 
output disk 22 is applied to the roller 23 and the trunnion 
25 as a reaction force. As a result, the traction force T 
with the direction shown in the drawing is applied to the 
roller 23 and the trunnion 25. 
[01 29] Accordingly, in order to hold the roller 23 in the 
neutral position against the traction force T, the hydrau- 
lic pressures for increasing and for decreasing speed 
PH, PL are respectively supplied to the hydraulic pres- 
sure chambers for increasing and decreasing speed 
115, 116 which are formed by the pistons 113, 114 
attached to the trunnion 25 through the rod 27 so that 
the pressure difference AP balances with the traction 
force T. 

[0130] When, for example, in order to decrease the 
speed ratio of the continuously variable transmission 
mechanism 20 from this condition (acceleration), the 
sleeve 222 of the three-layers valve 220 is moved to the 
left in Fig. 1 1 (to the right in Fig. 10), the communication 
level between the line pressure port 224 and the accel- 
eration pressure port 227 and that between the second 
relief pressure port 226 and the deceleration pressure 
port 228 of the three-layers valve 220 rise up. 
[0131] Thereby, the hydraulic pressure for increasing 
speed PH supplied from the acceleration pressure line 
248 shown in Fig. 10 to the hydraulic pressure cham- 
bers for increasing speed 1 15 is intensified by the rela- 
tively higher line pressure, and the hydraulic pressure 
for decreasing speed PL supplied from the deceleration 
pressure line 249 to the hydraulic pressure chamber for 
decreasing speed 1 16 is reduced by the relatively lower 
relief pressure, and consequently the pressure differ- 
ence AP rise up, and, as a result, the pressure differ- 
ence AP overcomes the traction force T and the 
trunnion 25 and the roller 23 are moved to M h" direction 
shown in Fig. 15. This movement makes the roller 23 
inclined into the direction where the contact point with 
the input disk 21 moves radially outside and that with 
the output disk 22 moves radially inside, and thereby the 



speed ratio of the continuously variable transmission 
mechanism 20 is shifted to the acceleration side. 
[0132] The inclination of the roller 23 occurs in the 
same manner in the second continuously variable trans- 
mission mechanism 30 shown in Fig. 12, and a move- 
ment of the trunnion 35 in "i" direction caused by the 
pressure difference AP superior to the traction force T 
makes the roller 33 inclined into the direction where the 
contact point with the input disk 31 moves radially out- 
side and that with the output disk 32 moves radially 
inside, and the precession cam 261 of the cam mecha- 
nism 260 rotates integrally with the inclination motion in 
the same direction ("j" direction in Fig. 1 1) by the same 
angle, and thereby all of the driven lever 263, the shaft 
262 and the drive lever 264 of the cam mechanism 260 
are rotated in "k" direction in Fig. 12. 
[0133] As a result, the spool 223 of the three-layers 
valve 220 moves to 1", direction, to the left in Fig. 1 1 , by 
the spring force of the spring 229, and since this direc- 
tion corresponds to that of the sleeve 222 moved by the 
step motor 251 , the communication level between the 
line pressure port 224 and the acceleration pressure 
port 227 and that between the second relief pressure 
port 226 and the deceleration pressure port 228, which 
has been once risen up, is restored to an initial neutral 
condition. 

[01 34] Thereby, the pressure difference AP is made to 
balance with the traction force again and the shift oper- 
ation is completed, wherein the speed ratio of the con- 
tinuously variable transmission mechanism 20 (and 30) 
is fix to new value with a certain amount of change. 
[0135] At that time, this shift actuation finishes when 
the spool 223 moves to the predetermined neutral posi- 
tion relative to the sleeve 222, and, since this position 
corresponds to that of the sleeve 222 moved by the step 
motor 251 and also that determined by the incline angle 
of the roller 23 and the trunnion 25 through the cam 
mechanism 260, the position of the sleeve 222 corre- 
sponds to the incline angle of the roller 23 and the trun- 
nion 25. As a result, a controlled amount by the step 
motor 251 corresponds to the speed ratio of the contin- 
uously variable transmission mechanism 20, that is, the 
speed ratio of the continuously variable transmission 
mechanism 20 is controlled by the pulse control of the 
step motor 251 (and this can be applied also to the con- 
tinuously variable transmission mechanism 30). 
[0136] Above actuation is implemented in the same 
manner when the sleeve 222 of the three-layers valve 
220 is moved by the step motor 251 to the opposite 
direction, and, at that time, the speed ratio of the contin- 
uously variable transmission mechanism 20 is made 
larger (.where the car is decelerated). The characteristic 
of the change in the speed ratio of the continuously var- 
iable transmission mechanisms 20, 30 with respect to 
the number of the pulse of the control signal inputted 
into the step motors 251 , 252 is, for example, shown in 
Fig. 16, wherein the speed ratio becomes smaller (that 
is, the car is accelerated) as the number of the pulse 
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increases. 

[0137J Then, the control of the speed ratio of the 
whole transmission 10 (final speed ratio), which 
employs the speed ratio control of the continuously var- 
iable transmission mechanisms 20, 30 described 
above, will be explained. 

[01 38] As described above, the speed ratio of the con- 
tinuously variable transmission mechanisms 20, 30 is 
controlled through the step control of the step motors 
251, 252, wherein different final speed ratio is brought 
depending on whether transmission 10 is in the low 
mode or in the high mode, that is, which one of the low 
mode clutch 60 and the high mode clutch 70 is 
engaged. 

[0139] In high mode, since the output rotation of the 
continuously variable transmission mechanisms 20, 30 
is directly transmitted to the secondary shaft 1 3 through 
the high mode gear train 90 and the high mode clutch 
70, not through the planetary gear mechanism 50, as 
described above, the characteristic H of the final speed 
ratio with respect to the pulse number is, as shown in 
Fig. 1 7, similar to that of the speed ratio of the continu- 
ously variable transmission mechanisms 20, 30 shown 
in Fig. 16. It is needless to say that the speed ratio val- 
ues may differ with each other depending on the differ- 
ence in the diameter or the tooth number of the first gear 
91 and the second gear 92 of the high mode gear train 
90. 

[0140] On the other hand, in the low mode, the revo- 
lution of the engine 1 is inputted from the input shaft 1 1 
through the low mode gear train 80 and the low mode 
clutch 60 into the pinion carrier 51 of the planetary gear 
mechanism 50, and, at the same time, the output rota- 
tion of the continuously variable transmission mecha- 
nisms 20, 30 is inputted through the high mode gear 
train 90 into the sun gear 52 of the planetary gear mech- 
anism 50. At that time, when the ratio between the rota- 
tion speed inputted into the pinion carrier 51 and that 
inputted into the sun gear 52 is set to a certain predeter- 
mined value by controlling the speed ratio of the contin- 
uously variable transmission mechanisms 20, 30, the 
rotation speed of the internal gear 53, which is an output 
element of the planetary gear mechanism 50, may 
become zero, that is, the geared neutral condition may 
be obtained. 

[0141] Under this condition, the final speed ratio 
becomes infinite as shown in Fig. 1 7 by the symbols "a", 
"b", and, when the speed ratio of the continuously vari- 
able transmission mechanisms 20, 30 is changed to the 
larger side (deceleration side) to lower the input rotation 
speed into the sun gear 52 by decreasing the pulse 
number of the control signal for the step motors 251, 
252 starting from this condition, the internal gear 53 of 
the planetary gear mechanism 50 begins to rotate in the 
forward running direction and the characteristic L in 
which the final speed ratio becomes smaller as the 
pulse number decreases is obtained, that is, the low 
mode of the D-range is obtained. The curves of the low 



mode characteristic L and the high mode characteristic 
H crosses with each other at a predetermined pulse 
number (approximately 500 pulse in the drawing) or at a 
predetermined speed ratio of the continuously variable 

5 transmission mechanisms 20, 30 (approximately 1.8 in 
the drawing), which is shown by "c" in the drawing. 
Therefore, when the low mode clutch 60 and the high 
mode clutch 70 are switched in this cross point "c", the 
modes can be switched with continuously changing final 

w speed ratio. 

[0142] When the speed ratio of the continuously vari- 
able transmission mechanisms 20, 30 is changed to the 
smaller side (acceleration side) to raise the input rota- 
tion speed into the sun gear 52 by increasing the pulse 

is number of the control signal for the step motors 251, 
252 starting from the geared neutral condition, the inter- 
nal gear 53 of the planetary gear mechanism 50 begins 
to rotate in the backward running direction and the char- 
acteristic R of the R-range in which the final speed ratio 

20 becomes larger as the pulse number increases is 
obtained. 

[0143] Based on the control characteristics described 
above, the control unit 300 controls the final speed ratio 
in response to the driving condition of the vehicle. 

25 [0144] The control unit 300 finds a current vehicle 
speed V and a throttle angle 0 based on the signals 
from the vehicle speed sensor 301 and the throttle 
angle sensor 303 and sets a target engine speed Neo 
by the use of these values and a predetermined map 

30 shown in Fig. 18. Then, in order to obtain the corre- 
sponding final speed ratio to the target engine speed 
Neo (the value which corresponds to the angle a in Fig. 
18), the control unit 300 implements, based on the con- 
trol characteristic shown in Fig. 17, the pulse control for 

35 the step motors 251 . 252 and the engagement control of 
the low mode and the high mode clutches 60, 70 
through the control of the first and the second solenoid 
valves. 

[01 45] Adding to the speed ratio control of the contin- 
ue uously variable transmission mechanisms 20, 30 by the 
pulse control of the step motors 251, 252 (hereafter, 
referred to as "three-layers valve control"), the control 
unit 300 of the transmission 10 also implements the 
speed ratio control of the continuously variable trans- 
45 mission mechanisms 20, 30 by directly generating the 
predetermined pressure difference AP by controlling the 
relief pressure with the linear solenoid valve 210 (here- 
after, referred to as "direct control"). The reason thereof 
is as follows. 

so [01 46] Though the three-layers valve control is imple- 
mented on condition that there is a certain relation 
between the pulse number of the step motors 251, 261 
or the travel of the sleeves 222, 223 and the pressure 
difference AP generated thereby, there might occur a 

55 hysteresis in this relation, for example, by the friction 
applied to the sleeves 222, 232 during traveling as 
shown in Fig. 19, which shows different paths f the 
relation between the traveling of the sleeve in the 
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increasing direction of the pressure difference AP and 
that in the decreasing direction. Thereby, there might 
occur an inversion of the pressure difference AP placing 
a geared neutral position therebetween in a point shown 
by n d N near the geared neutral (GN) due to the hystere- 
sis, and, as a result, the driving direction might be 
inverted between the forward and the backward run- 
ning. 

[0147] To cope with this problem, the pressure differ- 
ence AP may be directly generated to supply to the 
hydraulic pressure chambers for increasing or decreas- 
ing speed 115, 116, and the line pressure may be con- 
trolled therefor, but the line pressure has a rather wider 
control range such as 4-16 kg, so that it has a disadvan- 
tage in making a minute control of the pressure differ- 
ence AP and also has another disadvantage that the 
hydraulic line pressure must be raised to make the pre- 
determined pressure difference AP resulting in a high 
pressure in the whole circuit and thereby an increase of 
the oil pump loss. 

[0148] Therefore, when the pressure difference AP is 
generated, the relief pressure which is lower than that of 
the line pressure has an advantage in making the pres- 
sure difference AP by lowering itself, and, because of 
the narrower control range of the relief pressure such as 
0-4kg, it can be preferably used in minute control of the 
pressure difference AP. 

[0149] In the direct control, the line pressure and the 
relief pressure are supplied without being regulated by 
the three-layers valve 220 as the hydraulic pressures for 
increasing or decreasing speed PH, PL which are sup- 
plied to the hydraulic pressure chambers for increasing 
or decreasing speed 115, 116. When the sleeve 222 
and the spool 223 of the three-layers valve 220 are 
actuated from the neutral position shown in Fig. 10 to 
make the speed ratio of the continuously variable trans- 
mission mechanism 20 lower (acceleration), the sleeve 
222 is, at first, moved to the right in the drawing by a 
predetermined stroke to make the communication level 
between the line pressure port 224 and the acceleration 
pressure port 227 and that between the second relief 
pressure port 226 and the deceleration pressure port 
228 are raised up so that the line pressure is supplied 
from the acceleration pressure line 248 to the hydraulic 
pressure chamber for increasing speed 115 and the 
relief pressure is supplied from the deceleration pres- 
sure line 249 to the hydraulic pressure chamber for 
decreasing speed 116. 

[0150] As a result, the trunnion 25 or the roller 23 are 
moved by the pressure difference AP between the line 
pressure as a hydraulic pressure for increasing speed 
PH and the relief pressure as a hydraulic pressure for 
decreasing speed PL to the acceleration direction to 
incline the roller 23, and the spool 223 is moved by the 
cam mechanism 260 to the same direction with the' 
sleeve 222 in response to the incline angle of the roller 
23, and, at that time, the incline angle of the roller 23 
and the travel of the spool 223 are determined by the 



pressure difference AP, not by the initial travel of the 
sleeve 222, so that, when the travel of the sleeve 222 is 
set so as for the communication relation between said 
ports to be kept even after the roller 23 is inclined and 

5 th spool 223 is moved, or when the sleeve 222 is 
moved in the predetermined direction after an initial 
travel thereof so as for the communication relation 
between said ports to be kept, the direct shift control by 
the pressure difference AP is enabled even after the 

10 roller 23 is inclined and the spool 223 is moved. 

[0151] In this transmission 10, the direct control is 
always implemented near the geared neutral condition 
where the influence of the hysteresis is likely to appear 
in the three-layers valve control, in other words, is imple- 

75 mented during tow vehicle speed. In addition, the con- 
trol unit 300 of the transmission 10 is made to 
implement the control which dare not make the geared 
neutral condition in order to generate a creep force 
(hereafter, referred to as "creep control") as an auto- 

20 matic transmission having a torque converter when the 
vehicle speed is in the low speed range, where the 
direct control is implemented, and the idle switch 308 is 
on. The reason thereof will be described below. 
[01 52] The geared neutral means to keep the internal 

25 gear 53 of the planetary gear mechanism 50 stationary 
by setting the ratio between the rotation speed inputted 
into the sun gear 52 of the planetary gear mechanism 
50 through the high mode gear train 90 and that input- 
ted into the pinion carrier 51 of the planetary gear mech- 

30 anism 50 through the low mode gear train 80 to the 
predetermined value, and therefor the toroidal speed 
ratio is controlled by the three-layers valve control or the 
direct control described above, and there is only one 
rotation speed ratio between the sun gear 52 and the 

35 pinion carrier 51 to actualize the geared neutral and 
therefore there is only one toroidal speed ratio. As a 
result, extremely minute toroidal speed ratio control is 
required and it is shifted frequently to the forward or the 
backward running direction. 

40 [01 53] When the vehicle starts to move from the tem- 
porary stop condition, the geared neutral does not allow 
the vehicle to start only by releasing the brake pedal but 
requires to depress the accelerator pedal. Accordingly, 
to secure a good startability by always applying a cer- 

45 tain degree of driving force to the vehicle as the auto- 
matic transmission with a torque converter does, the 
toroidal speed ratio must be controlled with some offset 
from the geared neutral position, for example, so as to 
slightly apply a forward driving force in the forward run- 

50 ning range such as D-range, and so as to slightly apply 
a backward driving force in the backward running range 
of the R-range. This kind of creep control does not 
require such a minute control, so that this brings some 
advantage in braking actuation. As described above, in 

55 this transmission 10, since the creep control is imple- 
mented when the vehicle speed is in low speed range, 
where the direct control is implemented, and th idle 
switch 308 is on, the three-layers valve control is 
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switched into the direct control and at the same time into 
the creep control when, for example, the vehicle speed 
is lowered while the driver releases the accelerator 
pedal, and. on the contrary, when the vehicle speed is 
lowered with the accelerator pedal depressed on the 5 
up-hill etc., normal shift control is implemented based 
on the shift map under the direct control and then the 
creep control begins when the accelerator pedal is 
released for depressing the brake pedal. 
[01 54] While the vehicle is at a stop, the creep force is 
made as small as possible to save the fuel consump- 
tion, and when starting, the creep control is applied from 
the beginning, and then is replaced by the normal direct 
control as the accelerator pedal is depressed, and, 
when the vehicle speed exceeds a certain level, the 
three-layers valve control is applied. 

(2) Concrete actuation in respective controls 

[0155] As shown in Fig. 20, various control programs 
are stored in the control unit 300 to cope with various 
kinds of conditions based on the shift actuation 
described above, and the interruption by each control is 
executed when required independently or associated 
with other controls. 

(2-1 ) Line pressure control 

[0156] As described above, the pressure of the oper- 
ating fluid discharged from the oil pump 102 is supplied 
to the main line 201 through the regulator valve 202 
after being regulated by the linear solenoid valve 209 
into predetermined line pressure, but, in the shift con- 
trol, this line pressure is led to the three-layers valve 
220, 230 together with the relief pressure which is sup- 
plied to the relief pressure line 203 through the relief 
valve 204 after being regulated by the linear solenoid 
valve 210 into a pressure lower than the line pressure, 
and is used as an important pressure to generate the 
pressure difference AP for the shift control in which, 
while the roller 23, 33 or the trunnion 25, 35 of the con- 
tinuously variable transmission mechanism 20, 30 being 
held in the neutral position against the traction force T, 
the trunnion 25, 35 is moved in the predetermined direc- 
tion to incline the roller 23, 33. 
[01 57] Accordingly, the pressure difference AP is con- 
troiled so as to hold the trunnion 25, 35 in the neutral 
position in response to the increase or decrease of the 
traction force X and, for example, when the relief pres- 
sure is constant, the pressure difference AP can be 
expanded by increasing the line pressure to counteract 
the larger traction force T, and, when the line pressure is 
constant, the pressure difference AP can be expanded 
by decreasing the relief pressure to counteract the 
larger traction force T. 

[0158] The traction force T is varied not only by the 
engine torque but also by the incline angle of the roller 
23, 33. As shown in Fig. 21 by an example of the first 



roller 231 of the first continuously variable transmission 
mechanism 20, when the roller 231 is inclined into the 
deceleration side as a result of the shift control, as 
shown in the drawing by a solid line, a radius r1 of the 
contact point between the roller 231 and the input disk 
21 becomes smaller comparing with the case where the 
roller 231 is inclined into the acceleration side as shown 
by a chain line in the drawing, and, therefore, even if the 
torque Tz transmitted from the input disk 21 to the roller 
231 is constant, the drag force applied to the roller 231 
at the contact point becomes larger and the reaction 
force at the contact point of the roller 231 with the output 
disk 22 also becomes larger. Thus, as the roller 231 
inclines into the deceleration side, the traction force T 
increases as a whole. 

[0159] The torque Tz is transmitted in the direction 
described above in the high mode (H-mode) where the 
low mode clutch is disengaged and the high mode 
clutch is engaged, and, in this high mode, as the speed 
ratio of the continuously variable transmission mecha- 
nism 20, 30 (hereafter, also referred to as "toroidal 
speed ratio") becomes larger, the line pressure is con- 
trolled to be increased when the relief pressure is con- 
stant, or the relief pressure is controlled to be 
decreased when the line pressure is constant so as for 
the pressure difference AP for counteracting the traction 
force T to be expanded. 

[0160] On the other hand, in the low mode (L-mode), 
the torque is transmitted in the opposite direction of that 
of the high mode due to the circulating torque circulated 
back to the continuously variable transmission mecha- 
nism 20, 30 as a reaction force from the planetary gear 
mechanism 50 (see Fig. 9). Accordingly, in the low 
mode, when the roller 231 is inclined into the accelera- 
tion side as shown by a chain line in Fig. 21 , a radius r2 
of the contact point between the roller 231 and the out- 
put disk 22 becomes smaller and thereby the traction 
force T becomes larger, and, therefore, as the toroidal 
speed ratio becomes smaller, the line pressure is con- 
trolled to be increased when the relief pressure is con- 
stant, or the relief pressure is controlled to be 
decreased when the line pressure is constant so as for 
the pressure difference AP for counteracting the traction 
force T to be expanded. 

[01 61] Th concrete actuation of the line pressure con- 
trol by the control unit 300 is shown, for example, in 
Fig.22, wherein the engine torque Te is calculated from 
the engine speed Ne and the throttle angle 6 in step 
S11, the oil pump loss "Loss" is calculated in step S12, 
and the toroidal speed ratio Rtd is calculated from the 
input and the output rotation speeds of the continuously 
variable transmission mechanisms 20, 30 in step S13 
respectively, and then the transmission torque Tz value 
is determined in step S14 from the map shown, for 
example, in Fig. 23 by the use of above calculated val- 
ues and modes as parameters. As shown in the map, in 
the low mode D-range, the transmission torque Tz 
increases as the toroidal speed rati Rtd moves to the 
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acceleration side, and the transmission torque Tz is 
fixed to 1 .0 in the high mode. 
[0162] Then, in step S15, the line pressure PL is 
determined based on the transmission torque Tz from 
the map shown, for example, in Fig. 24, and, in step 5 
S16, the linear solenoid valve 209 is controlled so as for 
the line pressure PL to be obtained. In this map, the line 
pressure is raised up in the range where the transmis- 
sion torque Tz exceed a predetermined value in order to 
counteract the traction force T, wherein, as described 10 
above, the line pressure is set to become larger as the 
toroidal speed ratio Rtd moves to the acceleration side 
in the low mode, and the line pressure is set to become 
larger as the toroidal speed ratio Rtd moves to the 
deceleration side in the high mode. The line pressure is 75 
fixed to a constant value in the range where the trans- 
mission torque Tz is less than the predetermined value, 
and, in this range, the pressure difference AP is control- 
led by increasing or decreasing the relief pressure. That 
is, in the low mode, the relief pressure is decreased as 20 
the toroidal speed ratio Rtd moves to the acceleration 
side, and, in the high mode, the relief pressure is 
decreased as the toroidal speed ratio Rtd moves to the 
deceleration side. 

25 

(2-2) Engage control 

[0163] As described above, since, in the N-range, the 
main line 201 for supplying the line pressure is inter- 
cepted from the first to the third output lines 205-207 by 30 
the manual valve 208, both of the low mode and the 
high mode clutches 60, 70 are in the disengaged condi- 
tion. When the driver shifts the range from this condition 
to the forward running range such as D-range, S-range 
and L-range, or to the backward running range of R- 35 
range, the low mode clutch 60 is engaged to make the 
low mode. At that time, if the toroidal speed ratio is con- 
trolled to make that of the geared neutral, the pinion car- 
rier 51 of the planetary gear mechanism 50 and the 
secondary gear 82 of the low mode gear train 80 are 40 
synchronized in rotations with each other, so that if the 
low mode dutch 60 for connecting or disconnecting 
them is engaged, the engagement shock scarcely 
occurs. 

[0164] However, since the N-range is generally 45 
selected at a stop with idling condition or in low vehicle 
speed, the engage actuation of N-D range or N-R range 
is implemented during the creep control. Thus, since the 
geared neutral condition is not employed in the creep 
control, the engagement shock is generated by the so 
creep torque when the low mode clutch 60 is engaged. 
[0165] The control unit 300 implements the engage 
control to suppress the engagement shock according to 
the flow chart shown in Fig. 26. Then the engage control 
will be described with reference to Fig. 26 which show 55 
the relation between the pulse number of the step motor 
251 and the final speed ratio, Fig. 27 which shows the 
relation between the relief pressure and the output 



torque, and Fig. 31 which shows a time chart. 
[01 66] The control unit 300 judges, at first in step S2 1 , 
if the range is in the N-range or not in the previous con- 
trol cycle, and, in case of YES, judges if the current 
range is a running range such as D-, S-, R-ranges in 
step S22. In case of NO, which means N-range is con- 
tinued, a relief pressure Prf is made to zero in step S23, 
and, in step S24, a pulse of the step motor 251 PLUS is 
set to PN which makes geared neutral condition and 
then a timer value TIME is set to zero in step S25. 
[01 67] The reason why the relief pressure Prf is set to 
zero when the N-range is continued is that it provide an 
advantage that unnecessary power is not consumed 
because the relief pressure Prf becomes zero when the 
linear solenoid valve 210 for relief pressure control is 
not actuated. The reason why the pulse PLUSE is set to 
PN which makes geared neutral condition is to make the 
sleeve 222 return to a set point as a preparation for gen- 
erating a creep force by the direct control in the engage 
actuation expected thereafter, and therefore other point 
may be employed if it makes a relation between the 
sleeve 222 and the spool 223 of the three-layers valve 
220 be in a predetermined neutral position and thereby 
communication between each port is intercepted. 
[0168] On the other hand, when the current range is 
judged to be the running range such as D-, S-, L-, and 
R-ranges in step S22, the timer value TIM is judged in 
step S26, and when the timer value TIM is within a pre- 
determined time TIMx which is required for engaging 
the low mode clutch 60, the relief pressure Prf is set to 
relatively high predetermined pressure Prf(on) in step 
27, and in order to keep the communicating condition 
between each port in the three-layers valve 220 to 
implement the direct control, in step S28, when the cur- 
rent shifted range is the forward running range such as 
D-range, the pulse PLUSE of the step motor 251 is 
shifted from PN to the PD1, where the final speed ratio 
is in the high speed side, and, when the current shifted 
range is the backward running range of R-range, the 
pulse PLUSE of the step motor 251 is shifted to the 
PR1, where the final speed ratio is in the high speed 
side, and then the timer value TIM is added by 1 in step 
S29. 

[0169] That is, during the predetermined time TIMx 
required for engaging the low mode clutch 60, the relief 
pressure Prf is set to higher value, and thereby the pres- 
sure difference AP, the offset from the line pressure, is 
made smaller to close to the geared neutral condition, 
and the creep force (output force) is set lower. There- 
fore, the engagement shock in the engage actuation is 
suppressed. 

[01 70] When the timer value TIM exceeds the prede- 
termined time TIMx required for engaging the low mode 
clutch 60 in step S26, the relief pressure Prf is set to rel- 
atively low predetermined pressure Prf(off) in step S31 , 
and in order to keep the communicating condition 
between each port in the three-layers valve 220 to 
implement the direct control, in step S32, when the cur- 
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rent shifted range is the forward running range such as 
D-range, the pulse PLUSE of the step motor 251 is 
shifted from PN to the PDO, where the final speed ratio 
is in the low speed side, and, when the current shifted 
range is the backward running range of R-range, the 5 
pulse PLUSE of the step motor 251 is also shifted to the 
PRO, where the final speed ratio is in the low speed 
side, and then the timer value TIM is set to zero in step 
S33. 

[0171] That is, after the low mode clutch 60 is 10 
engaged, the relief pressure is set to lower value, and 
thereby the pressure difference AP, the difference from 
the line pressure, is made larger to expand the offset 
from the geared neutral condition, and the creep force 
(output force) is set higher. Therefore, excellent starta- is 
bility may be secured. 

(2-3) Direct control 

[01 72] Adding to the basic actuation of the direct con- 20 
troi itself described above, the control unit 300 of this 
transmission 10 implements some special control when 
the brake pedal is depressed or during creeping speed. 
The concrete control actuation in these cases is shown 
by the flow chart in Fig. 28, and this will be explained 25 
with reference to the time chart in Fig. 31 . At first in step 
S41 , the three-layers valve control is replace by the 
direct control when the vehicle speed V falls below a 
certain speed which is higher than the target vehicle 
speed Vo in the creep control by a predetermined value 30 
AV, and, at that time, when the brake switch 309 is 
judged to be ON in step S43 (at that time, the idle switch 
308 is in ON and the creep control is begun), the relief 
pressure Prf is set to relatively higher predetermined 
pressure Prf(on) in step S43, and, in step S44, the linear 35 
solenoid valve 210 is controlled so as for this relief pres- 
sure Prf(on) to be obtained. That is, the relief pressure 
Prf is raised up to make the creep force smaller since an 
earlier deceleration is preferable when the brake pedal 
is depressed. 40 
[0173] On the other hand, when the brake switch 309 
is in OFF in step S42, the relief pressure Prf is set to the 
relatively lower predetermined pressure Prf(off) in step 
S45. When the idle switch 308 is in ON in step S46, a 
deviation d V of the current vehicle speed V from the tar- 45 
get vehicle speed Vo in the creep control is determined 
in step 47, and then a feedback pressure APrf of the 
relief pressure Prf is derived from the map in Fig. 29 
based on the deviation dV in step S48. The relief pres- 
sure Prf added by the feedback pressure APrf is deter- so 
mined in step S49, and, in step S44, the linear solenoid 
valve 210 is controlled so as for this relief pressure Prf 
to be obtained. Thereby, the creep force is not 
decreased when the brake pedal is not depressed, so 
that the vehicle speed can be kept in the target vehicle ss 
speed Vo by the feedback control. 
[0174] The time chart of Fig. 31 shows the feedback 
control of the vehicle speed to the target vehicle speed 



Vo in a stop and during starting. The reason why the ini- 
tiating condition of the direct control is set to the certain 
speed, which is higher than the target vehicle speed Vo 
by a predetermined value AV in step S41, is to prevent 
the direct control from being replaced by the three-lay- 
ers valve control due to the overshoot during the feed- 
back control of the vehicle speed V. 
[0175] When the idle switch 308 is in OFF, which 
means that the accelerator pedal is depressed, in step 
S46, the relief pressure Prf is determined in response to 
the throttle angle 0 in step S50, and, in step S44, the lin- 
ear solenoid valve 210 is controlled so as for the relief 
pressure Prf to be obtained (during At period in the vehi- 
cle starting in Fig. 31). At that time, the relation between 
the relief pressure Prf and the throttle angle 6 is set in a 
map, as shown in Fig. 30, so that the relief pressure Prf 
increases as the throttle angle 6 increases. Thereby, the 
more the accelerator pedal is depressed, the more the 
creep force is lowered, that is, it moves close to the 
geared neutral condition and, as a result, the speed 
ratio becomes larger, the engine speed is raised, a bet- 
ter acceleration performance is achieved, and the 
switching to the three-layers valve control is performed 
smoothly. 

[0176] When the vehicle speed V exceeds the speed 
of initiating condition of the direct control in step S41, 
the relief pressure Prf which generates the pressure dif- 
ference AP associated with the line pressure in the 
three-layers valve control is set to zero in step 51, and, 
in step S52, the linear solenoid valve 210 is controlled 
so as for this relief pressure Prf is obtained and, in step 
S53, the control system moves to the three-layers valve 
control. 

[0177] The pulse number of the step motor 251 in the 
point of switching between the three-layers valve control 
and the direct control does not necessarily coincide with 
each other, and, when the direct control starts, the 
sleeve 222 is moved from the position where the three- 
layers valve control ends to the corresponding position 
of the direct control (pulse number PDO), and, when the 
three-layers valve control starts, the sleeve 222 is 
moved from the position where the direct control ends 
(pulse number PDO) to the corresponding position of the 
three-layers valve control. 

[0178] In the direct control, when the brake switch 309 
is in ON in step S42, the relief pressure Prf is increased 
to make the creep force smaller, so that there exists 
some possibility of reverse direction running due to the 
decrease of the driving force when the creep force is 
immediately lowered upon switching ON of the brake 
switch 309 in the case where the vehicle is stopped on 
the slope, not on the flat road. To cope with this prob- 
lem, a second direct control program is stored in the 
control unit 300 of this transmission 10. 
[0179] The second direct control including this incline 
angle control will be described with reference to the flow 
chart in Fig. 32 and the time chart in Fig. 35. Th flow 
chart in Fig. 32 is the same with that in Fig. 28 with an 
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exception that step S40 is added before step S41 and 
the step S43 is modified. 

[0180] Prior to the judgement of the starting or the 
ending condition of the direct control in step S41, a 
delay time Tc and the relief pressure Prf are determined s 
in response to the road incline angle "k" detected by the 
incline angle sensor 310 in step S40. At that time, as 
shown in Fig. 33, as an upward incline angle becomes 
steeper, the delay time Tc is set to be longer and the 
relief pressure Prf is set to be lower (so that the creep 
force becomes larger). The relief pressure PrfO on the 
flat road is set to the value which makes normal creep 
force. 

[0181] The direct control starts at step S41 , and, when 
the brake switch 309 is in ON in step S42, a count 
number "count" is judged whether it is zero or not in step 
S43a, and when the judgement is YES, that is, when it's 
a first approach to the step S43a, the relief pressure Prf 
(, which is determined based on the incline angle,) is set 
to the relatively lower predetermined pressure Prf (off) in 
step S43b, as is done when the brake switch is in OFF, 
and then the count number is added by 1 in step S43c, 
and the count number is compared with the delay time 
Ted determined based on the incline angle in step 
S43d. 

[01 82] When the count number is within the delay time 
Ted, the above relatively lower predetermined pressure 
Prf(off) is kept in step S43e, and, when it exceeds delay 
time Ted, the a calculation for increasing the relief pres- 
sure Prf in response to the count number is executed in 
step S43f. A correction coefficient Ck used in the calcu- 
lation is set, as shown in Fig. 34, so that the steeper the 
incline angle is, the smaller the Ck is, that is, the more 
slowly the relief pressure Prf increases (namely, the 
more slowly the creep force decreases). Hie linear sole- 
noid valve 210 is controlled so as to obtain the relief 
pressure Prf determined as described above. 
[0183] According to this control, when the upward 
incline angle of the road surface is steeper, the creep 
force after the brake pedal being depressed is set to be 
larger and the delay time, which is a holding time 
thereof, is set to be longer, and, after the delay time hav- 
ing passed, the creep force is decreased more slowly 
when the upward incline angle is steeper, so that the 
vehicle can be prevented effectively from running into 
the reverse direction on the road with an incline angle. 

(2-4) D-R switching control 

[0184] During garage parking operation, for example, 
the shift range may be changed from D-range to R- 
range (D-R) for expected backward running while the 
vehicle still running forward, and also may be changed 
in opposite direction (R-D) while the vehicle still running 
backward.. As regards the gear train of this transmission 
10 at that time, though the manual valve 208 passes 
through th N-range position while moving between D- 
range and the R-rang , the low mode clutch 60 is kept 



in the engagement condition because of its short time. 
[0185] The toroidal speed ratio changes under this 
condition crossing the geared neutral, that is, at that 
time, the toroidal speed ratio is controlled to change the 
rotation speed of the sun gear 52 so that the internal 
gear 53 and the secondary shaft 13 are rotated in the 
opposite direction to that of the current one. Since a 
large force is required to incline the roller 23, 33 of the 
continuously variable transmission mechanism 20, 30 
with respect to the disk 21 ( 22, 3.1 , 32 in such manner as 
described above, there exists, as a result, a possibility 
of making slip and damage on the roller 23, 33, disk 21 , 
22, 31,32 and the like. 

[0186] To cope with this problem, the control unit 300 
implements a control according to the flow chart shown 
in Fig. 36 in order not to apply high load onto the contin- 
uously variable transmission mechanism 20, 30 during 
the switching control between the forward and the back- 
ward running. 

[0187] When the range is judged to be in D-range in 
step S61, a normal three-layers valve control is applied 
by the sleeve movement based on the shift diagram 
(shift map), for example, shown in Fig. 18 in step S62, 
and, when the range is not in D-range in step S61 and 
is in N-range in step S63, the low mode clutch 60 is dis- 
engaged in step 64, and the sleeve 222 of the three-lay- 
ers valve 220 is moved to the position close to the 
geared neutral in step S65, and then a original position 
correction of the step motor 251 is implemented in step 
S66. The reason why the sleeve 222 is not moved to the 
geared neutral position but to the position close to the 
geared neutral in step S65 is that it is difficult to move 
the sleeve 222 to the exact position of the geared neu- 
tral as described above, and it is needless to say that 
the sleeve may be moved to the geared neutral position 
(the position to which the sleeve 222 is moved in step 65 
will be referred to as "reference position"). 
[0188] Thereby, in the N-range, the power transmis- 
sion path is intercepted and the sleeve 222 is moved to 
the reference position, and, at that point, the original 
position correction of the step motor 251 is implemented 
again. The original position correction of the step motor 
251 is implemented in the following procedure. At first, 
the toroidal speed ratio in the case where the sleeve 
222 is in the reference position is calculated based on 
the detected values of the input rotation speed sensor 
306 installed on the low mode clutch drum 61 and the 
output rotation speed sensor 307 installed on the sec- 
ond gear 92 of the high mode gear train 90. The pulse 
number when the sleeve 222 is moved to the reference 
position is set to the original position pulse number (for 
example, it is near 1360 in Fig. 17). The calculated 
actual speed ratio of the toroidal is compared with the 
predetermined ideal speed ratio of the toroidal in the 
reference position, and the sleeve 222 is moved to the 
direction where the offset therebetween will be 
removed. Th movem nt of the sleeve 222 is imple- 
mented und r feed-forward control, and, after the 
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sleeve 222 is moved by several pulses, the original posi- 
tion pulse number is replaced by this pulse number of 
the step motor 251. 

[0189] Referring to Fig. 36 again, when the range is 
not in the D-range in step S61 and is not in N-range in 
step S63, it is judged whether it is in the R-range or not 
in step S67, and when it is NO, since it must be either of 
S-range or L-range, the step is progressed to step S62, 
and, when it is YES. it is judged whether the vehicle is 
running backward or not in Step 68. When the vehicle is 
running backward, the normal three-layers valve control 
is applied in step S62, and, when it is NO, it is judged 
whether the vehicle speed is zero or not in step 69, and 
when YES, which means that the vehicle is running for- 
ward in a certain speed, each step of steps S64-66 
which are implemented in the N-range is implemented. 
On the contrary, when it is NO in step S69, which means 
that the vehicle is at a stop with the R-range. the step is 
progressed to step 70. and the sleeve 222 of the three- 
layers valve 220 is moved to the reverse start position. 
More concretely, it is moved to a creep start position 
where the internal gear 53 and the secondary shaft 13 
is rotated into the backward running direction. Then the 
low mode clutch 60 is engaged in step S71. 
[0190] According to this control, when the switching to 
the R-range is operated during forward running condi- 
tion, the step is progressed through the path of S61, 
S63, S67, S68, and S69, and, after the low mode clutch 
60 is disengaged in step S64, the vehicle stop is con- 
firmed in step S69, and then the sleeve is moved to the 
backward running direction in step 70, and the low 
mode clutch 60 is engaged in step S71 , and, thereby, 
the sun gear 52 of the planetary gear mechanism 50 
rotates under light load while the low mode clutch 60 is 
disengaged, and, during this period, the roller 23 of the 
continuously variable transmission mechanism 20 is 
made to be inclined so as to change the rotation speed 
of the sun gear 52, so that the inclining motion can be 
implemented under low load, and thereby there exist no 
fear of causing the slip and damage on the roller 23. 33 
and the disk 21 ,22, 31,32. 

(2-5) R-D switching control 

[01 91 ] Though the flow chart shown in Fig. 36 repre- 
sents the control of the D-R switching, the same method 
can be applied to the R-D control. The control flow 
thereof is shown in Fig. 37. 

(2-6) Shift control during backward running 

[01 92] The continuously variable transmission 1 0 can 
control the toroidal speed ratio continuously, and, 
thereby, the final speed ratio can be arbitrarily changed 
from the geared neutral to either of forward or backward 
direction by changing the rotation speed of the sun gear 
52. Therefore, though an infinite number of gear posi- 
tions can be set for the backward running, a considera- 



ble caution is required while starting especially in the 
backward running, which is different from the case of 
the forward running which requires good accelerating 
ability from standstill. 

5 [0193] Then, the control unit 300 of this continuously 
variable transmission 10, as shown in Fig. 38, makes a 
shift control, when the range is in R-range in step S101, 
by the use of the shift map for backward running in step 
S102, and, when the range is in D-range in step S101, 

10 by the use of the shift map for forward running in step 
S103. 

[01 94] At that time, as shown in Fig. 39, the shift map 
for the backward running determines lower engine 
speed value as a target value Neo comparing with that 

is for the forward running for the same vehicle speed V 
and the same throttle angle G. In other words, the final 
speed ratio is shifted to the high speed side as a whole, 
and thereby too quick starting can be avoided in the 
backward running. 

20 [0195] This characteristic of the shift map for back- 
ward running may be applied only to the speed range 
lower than the predetermined one. At that time, the 
backward running in the same final speed ratio with that 
of the forward running is enabled except the starting 

25 where a special caution is required. 

[0196] Fig. 39 does not show the shift characteristic 
below a vehicle speed Vo + AV, which is used in judg- 
ment in the direct control, because this chart is made 
based on the time chart shown in Fig. 31 where the idle 

30 switch 308 is already in ON when the three-layers valve 
control is switched to the direct control, and thereby the 
creep control starts immediately, so that the normal shift 
control is not employed below the vehicle speed for 
judgement Vo + AV, that is, this kind of shift map is not 

35 used. 

(2-7) Low mode / high mode switching control 

[0197] As described with reference to Fig. 17, the low 
40 mode characteristic curve and the high node character- 
istic curve of the D-range cross each other in the prede- 
termined pulse number or the toroidal speed ratio. This 
is represented by a mode switching line in the shift map 
shown in Fig. 18 or Fig. 39. That is, the low mode clutch 
45 60 and the high mode clutch 70 are switched at a point 
where the final speed ratio of both modes coincide each 
other. Thereby, both modes can be switched each other 
without making shock due to sudden change in the final 
speed ratio. 

so [01 98] Since the switching between both clutches 60, 
70, however, takes a certain period of time, the vehicle 
running condition might not be on the mode switching 
line when the switching is completed, and, as a result, it 
may make a sudden change in speed ratio. 

55 [01 99] To cope with this problem, the control unit 300 
implements a mode switching control according to the 
flow chart shown in Fig. 40. At first in step S111, the 
control unit 300 judges whether or not the actual engine 
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speed Ne detected by the engine speed sensor 302 is 
on the approach to the value determined by multiplying 
the final speed ratio Go of the mode switching line by 
the vehicle speed V detected by the vehicle speed sen- 
sor 302. That is, it judges whether the current final 
speed ratio is nearly equal to that on the mode switching 
line or not. 

[0200] When it is YES, in step S112, the toroidal 
speed ratio is controlled so as for the current final speed 
ratio G to be kept while the clutches 60, 70 being 
switched. Then in step S113, a deviation AN of the 
actual engine speed Ne from the target engine speed 
Neo required to keep the current final speed ratio G is 
calculated, and, in step 1 1 4, a feedback value APLUS of 
the pulse PULSE is determined from the map shown in 
Fig. 41 which is set so as for the engine speed deviation 
AN to be made zero, and finally in step S115, the feed- 
back value APLUS is outputted to the step motor 251 . 
[0201] Thereby, the position of the sleeve 222 of the 
three-layers valve 220 is feedback-controlled, the 
engine speed deviation AN is made to be zero, and, as 
a result, the final speed ratio is fixed to a constant value. 
Since the modes are switched during this period , there 
is no change in speed ratio before and after switching 
modes, so that, the modes can be switched smoothly 
without shock. 

[0202] According to the present invention, since, in the 
toroidal type continuously variable transmission for the 
front engine front wheel drive vehicle, which employs 
geared neutral system, the gear train which transmits 
the rotation to the second shaft side on which the plan- 
etary gear mechanism is mounted is disposed on the 
opposite side end, with respect to the engine, of the first 
shaft on which the continuously variable transmission 
mechanism is mounted, this gear train can be prevented 
from interfering with the differential gear unit, which is 
engaged with the engine side ends of the second shaft, 
or the power transmission mechanism to said unit. 
Therefore, the length in the axial direction of the trans- 
mission can be made shorter comparing with the case 
where the gear train is disposed with an offset from the 
differential gear unit and the like in the axial direction, so 
that the mounting operation to a vehicle body as well as 
a layout design of the transmission can be improved. 
[0203] According especially to the fourth invention of 
the present invention, since, in the construction where 
two continuously variable transmission mechanisms are 
disposed on the first shaft, the loading mechanism inter- 
posed between the first shaft and the input portion of 
these continuously variable mechanisms is disposed on 
the opposite side end, with respect to the engine, of the 
first shaft as the above gear train, the circulating torque 
which is generated by the planetary gear mechanism on 
the second shaft and is circulated back to the first shaft 
side under the geared neutral or the low mode condition 
is not transmitted to the first shaft, so that the first shaft 
is required no more than to have a diameter or the 
strength for transmitting the torque from the engine, 



and, as a result, the transmission is allowed to be made 
with lower cost, to be compact, and to have an improved 
durability and a lighter weight, and, at the same time, 
the vibration and the noise on the vehicle can be 
5 reduced since the vibration from the engine can be 
effectively absorbed due to the reduced rigidity of the 
first shaft. 

Claims 

10 

1. A toroidal type continuously variable transmission 
comprising: 

a first shaft whose one end is coupled with an 

is engine; 

a second shaft which is disposed in parallel 
with said first shaft and whose engine side end 
is coupled with a differential gear unit for driv- 
ing a left and a right driven wheels; 

20 a toroidal type continuously variable transmis- 

sion mechanism, disposed on said first shaft, 
including an input disk coupled with said first 
shaft, an output disk which is disposed on an 
engine side of said input disk and is rotatably 

25 supported on the first shaft, a roller interposed 

between said both disks for transmitting power 
therebetween, and a contact point control 
member which inclinabiy supports said roller 
and varied a speed ratio between both disks by 

30 changing contact points between said roller 

and said input or said output disk; 
a planetary gear mechanism, disposed on said 
second shaft, including three rotary elements 
of a sun gear, an internal gear and a pinion car- 
ds rier in which among these rotary elements, the 
first element is coupled with said output disk of 
said continuously variable transmission mech- 
anism so as to rotate together therewith and 
the second element is coupled with the second 

40 shaft; 

a gear train including a first gear which is dis- 
posed on the first shaft at an opposite side, with 
respect to the engine, of the continuously vari- 
able transmission mechanism for a rotatable 

45 movement together with the first shaft, a sec- 

ond gear which is rotatably supported on the 
second shaft at an opposite side, with respect 
to the engine, of the planetary gear mecha- 
nism, and an idle gear which is engaged with 

so said first and said second gears to transmit a 

power therebetween; 

a first clutch mechanism for engaging or disen- 
gaging said second gear of said gear train with 
the third element of the planetary gear mecha- 
55 nism; 

a power transmission path for transmitting a 
driving torque from said output disk to the sec- 
ond shaft without passing it through said plane- 
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tary gear mechanism; 

a second clutch mechanism for engaging or 
disengaging said power transmission path; and 
a control unit for controlling an operation of said 
contact point control member, said first clutch s 
mechanism, and said second clutch mecha- 
nism. 

A toroidal type continuously variable transmission 
as recited in claim 1 further comprising a vehicle 10 
speed sensor, wherein said control unit controls 
said first clutch mechanism so as to engage said 
second gear with said third element and controls 
said second clutch mechanism so as to disengage 
said power transmission path when a vehicle speed is 
is lower than a predetermined vehicle speed, and, 
on the other hand, controls said first clutch mecha- 
nism so as to disengage said second gear from 
said third element and controls said second clutch 
mechanism so as to engage said power transmis- 20 
sion path when the vehicle speed is higher than the 
predetermined vehicle speed. 

A toroidal type continuously variable transmission 
as recited in claim 2 further comprising an engine 25 
load detector, wherein said predetermined vehicle 
speed is set to be higher as an engine load is 
increased. 

A toroidal type continuously variable transmission 30 
as recited in claim 1 , wherein said toroidal type con- 
tinuously variable transmission mechanism further 
comprises, in addition to a first continuously varia- 
ble transmission mechanism comprising the input 
disk coupled with the first shaft, the output disk as 
which is disposed on an engine side of said input 
disk and is rotatably supported on the first shaft, the 
roller interposed between said both disks, and the 
contact point control member for changing contact 
points between said roller and said input or said 40 
output disk, a second continuously variable trans- 
mission mechanism comprising a second output 
disk which is disposed on an engine side of the out- 
put disk of said first continuously variable transmis- 
sion mechanism and is rotatably supported on the 45 
first shaft, a second input disk which is disposed on 
the engine side of said output disk and is coupled 
with the first shaft, a second roller interposed 
between said both disks, and a second contact 
point control member for changing contact points so 
between said roller and said input or said output 
disk, wherein the output disk of said first continu- 
ously transmission mechanism and the output disk 
of said second continuously transmission mecha- 
nism are integrated into one unit and a gear is ss 
formed on an outer surface of said integrated output 
disk unit for engaging and r tating said integrated 
output disk together with the first element of the 



planetary gear mechanism with each other. 

5. A toroidal type continuously variable transmission 
as recited in claim 1 , wherein said toroidal type con- 
tinuously variable transmission mechanism further 
comprises, in addition to said first continuously var- 
iable transmission mechanism comprising the input 
disk coupled with the first shaft, the output disk 
which is disposed on an engine side of said input 
disk and is rotatably supported on the first shaft, the 
roller interposed between said both disks, and the 
contact point control member for changing contact 
points between said roller and said input or said 
output disk, the second continuously variable trans- 
mission mechanism comprising the second output 
disk which is disposed on the engine side of the 
output disk of said first continuously variable trans- 
mission mechanism and is rotatably supported on 
the first shaft integrally with said output disk, the 
second input disk which is disposed on the engine 
side of said output disk and is coupled with the first 
shaft, the second roller interposed between said 
both disks, and the second contact point control 
member for changing contact points between said 
roller and said input or said output disk, wherein 
said first shaft is inserted into a third shaft having a 
through-hole therein, and each of the input and the 
output disks of said first and said second continu- 
ously variable transmission mechanisms is dis- 
posed on said third shaft, one end of said third shaft 
being supported by a transmission case through a 
bearing, the other end of said third shaft being fitted 
into the first gear of the gear train, said first gear 
being supported by a transmission case through a 
bearing, and a spring member is interposed in a fit- 
ting portion of said third shaft and the first gear for 
absorbing an axial relative displacement therebe- 
tween. 

6. A toroidal type continuously variable transmission 
as recited in claim 1 , wherein said toroidal type con- 
tinuously variable transmission mechanism further 
comprises, in addition to said first continuously var- 
iable transmission mechanism comprising the input 
disk coupled with the first shaft, the output disk 
which is disposed on an engine side of said input 
disk and is rotatably supported on the first shaft, the 
roller interposed between said both disks, and the 
contact point control member for changing contact 
points between said roller and said input or said 
output disk, the second continuously variable trans- 
mission mechanism comprising the second output 
disk which is disposed on the engine side of the 
output disk of said first continuously variable trans- 
mission mechanism and is rotatably supported on 
the first shaft, the second input disk which is dis- 
posed on the engin side of said output disk and is 
coupled with the first shaft, the second roller inter- 
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posed between said both disks, and the second 
contact point control member for changing contact 
points between said roller and said input or said 
output disk, wherein said first shaft is inserted into 
a third shaft having a through-hole therein, and the 5 
output disks of the first and the second continuously 
variable transmission mechanisms are integrally 
and rotatabiy supported on a middle of said third 
shaft, and the input disks of the second and the first 
continuously variable transmission mechanisms 10 
are respectively disposed on the engine side and 
the opposite side, with respect to the engine, of said 
output disks and are coupled with said third shaft, 
and a loading mechanism for pressing the roller by 
and between the input and the output disks in the 15 
first and the second continuously variable transmis- 
sion mechanisms is disposed between the input 
disk of the first continuously variable transmission 
mechanism and the first gear of the gear train dis- 
posed on the opposite side thereof with respect to 20 
the engine. 

A toroidal type continuously variable transmission 
as recited in claim 6, wherein said loading mecha- 
nism comprises a pair of disks whose surfaces fac- 25 
ing with each other are formed into cam surfaces 
having circumferential concave and convex, and a 
roller which is interposed between both disks to 
generate axial force between them by a relative 
rotation therebetween, and a pin member is inter- 30 
posed between the first gear of the gear train and 
the disk located in said first gear side to integrally 
rotate them, said pin member being disposed in a 
portion where a thickness of the disk located in said 
first gear side is rather thicker due to the concave 35 
and convex figures thereof. 

A toroidal type continuously variable transmission 
as recited in claim 1 , wherein two oil channels for 
supplying the first clutch mechanism and the sec- 40 
ond clutch mechanism with a coupling fluid respec- 
tively are provided in the second shaft and said 
both oil channels are led from a side portion where 
a hydraulic pressure source is provided. 
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FIG. 2 
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FIG. 8 
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FIG. 9 
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FIG. 20 
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